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SUMMARY:
1 . P l a n t s  o f  G i g a r t i n a  s t e l l a t a  from  t h r e e  d i f f e r e n t  l o c a l i t i e s  
i n  t h e  F i r t h  o f  C lyde w e re  ex am in ed  an d  show ed some c l e a r  c u t  
v a r i a t i o n  i n  t h e i r  m o rp h o lo g ic a l  c h a r a c t e r s .
2 .  The f i e l d  t r a n s p l a n t  e x p e r im e n ts  i n  w h ich  p l a n t s  o f  G i g a r t i n a  
from  t h e  t h r e e  l o c a l i t i e s  w e re  t r a n s p l a n t e d  in  r e c i p r o c a l  f a s h io n  
i n d i c a t e d  t h a t  t h e  m o rpho logy  o f  G i g a r t i n a  i s  p r i n c i p a l l y  c o n t r o l l e d  
b y  e n v ir o n m e n ta l  c o n d i t io n s  w i th  p o s s i b l e  g e n e t i c  v a r i a b i l i t y .
3 . P l a n t s  o f  G i g a r t i n a  s t e l l a t a  r e q u i r e d  m ore t h a n  t h r e e  y e a r s  
t o  e s t a b l i s h  th e m s e lv e s  fro m  s p o r e s  on t h e  d enuded  an d  s t e r i l i z e d  
a r e a s  o f  t h e  s h o r e .
4 . P l a n t s  o f  G i g a r t i n a  r e g e n e r a t e  o n ly  when p a r t s  o f  t h e  f l a t t e n e d  
f ro n d s  w ere  l e f t  i n t a c t  on t h e  b a s a l  c r u s t s .  R e g e n e r a t io n  i s  a  s low  
p r o c e s s  an d  some p l a n t s  fo rm ed  num erous s m a l l  p r o l i f e r a t i o n s  from  
t h e  m a rg in  o f  t h e  f r o n d s .
5 . The p e r i o d  o f  maximum s p o re  d is c h a r g e  i n  G i g a r t i n a  fro m  a l l  
t h r e e  l o c a l i t i e s  was r e c o r d e d  i n  S e p tem b e r t h r o u ^  D ecem ber, w h i l s t  
t h e  p e r i o d  o f  minimum s p o re  d i s c h a r g e  was r e c o r d e d  i n  A p r i l  th ro u g h  
J u l y .
6 . C u l tu r e  o f  f r o n d s  o f  G i g a r t i n a  from  t h e  d i f f e r e n t  l o c a l i t i e s  
u n d e r  t h e  sam e c o n d i t io n s  show ed s i m i l a r  g ro w th  r a t e s  i n  a l l  p l a n t s  
e x c e p t  p l a n t s  fro m  Loch L o n g , w h ic h  show ed s l i g h t l y  s lo w e r  g row th  
r a t e s  w h ich  may s u g g e s t  a  l a c k  o f  a b i l i t y  t o  a d a p t  t o  t h e  e x p e r im e n ta l  
c o n d i t i o n s .
7 . C u l tu r e  of* f ro n d s  o f  G i g a r t i n a  from  one l o c a l i t y  (Cum brae I s l a n d )  
u n d e r  a  v a r i e t y  o f  l a b o r a t o r y  in d u c e d  e n v ir o n m e n ta l  c o n d i t io n s  
e m p h a s ise d  t h e  im p o r ta n t  r o l e  o f  e n v iro n m e n ta l  c o n d i t io n s  a n d  
c o n f irm e d  t h e  r e s u l t s  o f  f i e l d  t r a n s p l a n t  e x p e r im e n t s .
8 . C u l tu r e  o f  c a rp o s p o r e s  o f  G i g a r t i n a  u n d e r  l a b o r a t o r y  c o n d i t io n s  
show ed t h a t  t h e  d i s c - l i k e  s p o r e l in g s  grew  h e a l t h i l y  f o r  5 m onths
i n  w h ich  t im e  t h e  a v e ra g e  d ia m e te r  o f  s p o r e l in g s  r e a c h e d  0 .5  mm, 
th e n  th e y  d e ta c h e d  a n d  l o s t  i n t o  t h e  s u r r o u n d in g  medium w i th  no 
s ig n  o f  fo rm in g  t h e  e r e c t  b r a n c h e s . The c a r p o s p o r e s  o f  t h e  r e l a t e d  
s p e c i e s  C hondrus c r i s p u s  grew  much f a s t e r  and  r e a c h e d  0 .8  mm i n
3 .5  m onths i n  w h ich  t im e  t h e y  fo rm ed  t h e i r  f i r s t  e r e c t  b r a n c h e s .
The s p o r e l in g s  o f  C hondrus c r i s p u s  w e re  fo u n d  t o  p ro d u c e  an 
a n t i b i o t i c  s u b s ta n c e  b u t  n o t  t h o s e  o f  G i g a r t i n a .
9 . C a r ra g e e n a n  show ed some o b v io u s  v a r i a t i o n  i n  i t s  q u a n t i t y
an d  q u a l i t y  i n  p l a n t s  fro m  t h e  t h r e e  l o c a l i t i e s .  P o r te n c r o s s  p l a n t s  
c o n ta in e d  h i g h e r  q u a n t i t i e s  o f  c a r r a g e e n a n  b u t  w i th  w e a k e r  g e l  
s t r e n g t h ,  an d  p l a n t s  fro m  Loch Long c o n ta in e d  lo w e r  c a r r a g e e n a n  
c o n te n t  w i th  s t r o n g e r  g e l ,  w h i le  p l a n t s  from  Cumbrae I s l a n d  show ed 
an i n t e r m e d ia t e  v a lu e  i n  b o th  c a r r a g e e n a n  c o n te n t s  a n d  g e l  s t r e n g t h s .
1 0 . C a r ra g e e n a n  show ed s e a s o n a l  v a r i a t i o n s  i n  i t s  q u a n t i t y  an d  
q u a l i t y .  Maximum c a r r a g e e n a n  c o n te n t  was r e c o r d e d  i n  M arch t h r o u ^  
May, w h i l s t  t h e  minimum c a r r a g e e n a n  c o n te n t  was r e c o r d e d  in  S e p tem b e r 
th ro u g h  D ecem ber. S t r o n g e s t  g e l s  w ere  r e c o r d e d  in  D ecem ber th ro u g h  
M arch w h i l s t  t h e  w e a k e s t  g e l  was r e c o r d e d  i n  A p r i l  th r o u g h  A u g u s t.
1 1 . The t r a n s p l a n t s  e x p e r im e n ts  i n d i c a t e d  t h a t  b o th  c a r r a g e e n a n  
c o n te n t s  an d  g e l  s t r e n g t h s  a r e  c o n t r o l l e d  b y  e n v ir o n m e n ta l  c o n d i t i o n s .
1 2 . P l a n t s  o f  G i g a r t i n a  c o l l e c t e d  fro m  one l o c a l i t y  ( Cumbrae I s l a n d )  
an d  k e p t  tw o w eeks u n d e r  v a r i e t i e s  o f  l a b o r a t o r y  in d u c e d  e n v ir o n m e n ta l  
c o n d i t io n s  show ed t h e  im p o r ta n t  r o l e  o f  a l l  c o n d i t io n s  s t u d i e d  in  
c o n t r o l l i n g  b o th  c a r r a g e e n a n  c o n te n t s  and  g e l  s t r e n g t h s .
1 3 . The m ost f e r t i l e  p l a n t s  o f  G i g a r t i n a  i n  a l l  t h e  t h r e e  l o c a l i t i e s  
c o n ta in e d  lo w e r  c a r r a g e e n a n  c o n te n t s  w i th  s t r o n g e r  g e l ,  w h i l s t  t h e  
s t e r i l e  p l a n t s  ( w i th  no p a p i l l a e )  h a d  h i g h e r  c a r r a g e e n a n  c o n t e n t s ,  
b u t  w i th  w e a k e r  g e l  s t r e n g t h .
1 4 . P l a n t s  from  P o r te n c r o s s  w ere  b e t t e r  a b le  t o  p o s tp o n e  th e  t i s s u e  
d e h y d r a t io n  t h a n  p l a n t s  fro m  Loch Long.
1 5 . P l a n t s  fro m  P o r te n c r o s s  w e re  a l s o  b e t t e r  a b le  t o  c o n t r o l  t h e  
r a t e  o f  c h l o r i d e  io n s  l o s s  t h a n  p l a n t s  from  Loch L ong.
1 6 . P l a n t s  o f  G i g a r t i n a  fro m  t h e  d i f f e r e n t  l o c a l i t i e s  h a v e  s i m i l a r  
r a t e s  o f  p h o t o s y n t h e s i s .  P l a n t s  from  P o r te n c r o s s  w e re  b e t t e r  a b le  
t o  r e c o v e r  a f t e r  d r y in g  f o r  1 2  h o u rs  u n d e r  l a b o r a t o r y  c o n d i t io n s  and  
h a v e  c o n s id e r a b ly  h ig h  p h o t o s y n t h e t i c  r a t e s .  The v a r i o u s  s a l i n i t i e s  
w e re  fo u n d  t o  a f f e c t  t h e  p h o to s y n th e s i s  i n  s i m i l a r  w ays a s  th e  e f f e c t s  




The m a r in e  r e d  a l g a  G i g a r t i n a  s t e l l a t a  ( S ta c k h .  i n  W ith ..)  B a t t .  
i s  a  member o f  t h e  f a m i ly  G i g a r t i n a c e a e ,  o f  t h e  o r d e r  G i g a r t i n a ! es  and  
t h e  c l a s s  F lo r id e o p h y c e a e . The name G i g a r t i n a  i s  d e r iv e d  fro m  t h e  
G reek  w ord  f o r  g ra p e  s to n e  an d  r e f e r s  t o  i t s  e m e rg e n t c y s to c a r p s .  
G i g a r t i n a  t o g e t h e r  w i th  t h e  r e l a t e d  C hondrus c r i s p u s  S ta c k h .  i s  a l s o  
c a l l e d  c a r r a g e e n  ( M a r s h a l l ,  Newton & O rr  1 9 4 9 ) . I n  t h e  F i r t h  o f  C ly d e , 
G i g a r t i n a  s t e l l a t a  i s  a b u n d a n t ,  d o m in a tin g  t h e  lo w e r  l i t t o r a l  an d  u p p e r  
s u b l i t t o r a l  zones  o f  t h e  ro c k y  s h o r e s .  Thus i t  i s  a  v e ry  good a r e a  
f o r  s t u d i e s  on th e  b io lo g y  o f  t h i s  c a r r a g e e n a n  seaw eed  . A lth o u g h  
g e n e ra  o f  t h e  o r d e r  G i g a r t i n a l e s  fo rm  t h e  b a s i s  o f  a  l a r g e  seaw eed  
i n d u s t r y ,  l i t t l e  seem s t o  b e  known a b o u t th e  b a s i c  f e a t u r e  o f  t h e i r  
b io lo g y  (B u m s  19T1) •
1 .1  Taxonomy an d  m orp h o lo g y  :
The d e f i n i t i v e  ty p e  sp e c im en  ( l e c t o t y p e )  i s  S ta c k h o u s e ’ s 
d e s c r i p t i o n  i n  W ith e r in g  "An a r ra n g e m e n t o f  B r i t i s h  P l a n t s "  p u b l i s h e d  
i n  1 7 9 8  an d  d e s c r i b e d  a s  F ucus s t e l l a t u s  (D ixon  a n d  I r v i n e  1977)* 
Goodenough an d  Woodward (1 7 9 7 ) c a l l e d  t h e  p l a n t  F ucus m a m il lo s u s .
The genus G i g a r t i n a  seem s t o  h a v e  b e e n  f i r s t  p ro p o s e d  b y  S ta c k h o u s e  
( 1 8 0 9 ) b u t  few  c o p ie s  o f  t h i s  p a p e r  now e x i s t  ( M a r s h a l l  e t  a l  1 9 4 9 ) .
D am oureux ( 1 8 1 3 ) u n k n o w in g ly  a l s o  p ro p o se d  t h e  genus G i g a r t i n a  b u t  
t h e  s p e c i e s  a t t r i b u t e d  t o  t h e  genus by  Lam ouroux w ere  num erous and  
a p p a r e n t l y  u n r e l a t e d ,  few  o f  w h ich  a r e  to d a y  c o n s id e r e d  t o  b e lo n g  t o  
G i g a r t i n a  a s  c u r r e n t l y  a c c e p te d .  G ig a r t i n a  was a l s o  d e s c r ib e d  b y  
G r e v i l l e  ( I 8 3 O) , K u tz in g  ( l8 4 3 )  an d  J .A . A gardh ( l 8 9 9 ) ,  who i n  h i s
2 .
f i n a l  r e v i s i o n  b r o u ^ t  t h e  num ber o f  s p e c i e s  t o  6 9 . S e t c h e l l  an d  
G a rd n e r  (1 9 3 3 ) p o i n t e d  o u t  t h a t  s p e c i e s  a t t r i b u t e d  t o  G i g a r t i n a  
h a v e  p a s s e d  s u c c e s s i v e l y  an d  t e m p o r a r i l y  th ro u g h  v a r io u s  g e n e ra  and  
th e y  b r o u g h t  t h e  num ber o f  s p e c i e s  t o  88 . T h ese  s p e c i e s  w ere  t o  
b e  fo u n d  on t h e  c o a s t  o f  New Z e a la n d  (o n e  q u a r t e r  o f  th o s e  d e s c r ib e d )  
on t h e  c o a s t  o f  W e s te rn  N o r th  A m erica  (one  t h i r d  o f  t h e  s p e c i e s )  an d  t h e  
r e m a in d e r  a r e  t o  b e  fo u n d  on t h e  M e d i te r r a n e a n  an d  A t l a n t i c  c o a s t s  
o f  E u ro p e , N o r th e a s t  o f  N o r th  A m erica  and  S o u th  A f r i c a .  Thus 
G i g a r t i n a  w i th  i t s  num erous s p e c i e s  h a s  a  w ide  g l o b a l  d i s t r i b u t i o n .
The v a r i a b l e  fo rm  o f  t h e  p l a n t  h a s  b e e n  r e c o g n i s e d  fro m  
e a r l i e r  d e s c r i p t i o n s ,  su c h  as T u rn e r  ( l 8 0 8 - l 8 l 9 .  V o l .4) who d e s c r ib e d  
s e v e r a l  v a r i e t i e s .  Goodenough a n d  Woodward (1 7 9 7 ) d e s c r i b e d  f o u r  
v a r i e t i e s  f o r  t h e  t y p e  s p e c i e s  F ucus m a m illo su s . T h e s e  v a r i e t i e s  
w ere  :
1 -  v a r .  3 . l i n e a r i s  : f r o n d  n a r r o w , l i n e a r  a p ic e s  b l u n t i s h  and
a m a r g in a te .
2 -  v a r .  y . p r o l i f e r : f r o n d  p r o l i f e r o u s  a t  b o th  t h e  d i s c  an d
m a rg in  w i th  v e ry  num erous c l u s t e r e d  o b lo n g  
t u b e r c u l a t e  p r o c e s s e s .
3 -  v a r .  6 . e c h in a tu s  : t h e  b r a n c h e s  a l l  d i l a t e d  upw ards n e a r l y
n a k e d  on one s i d e .
4 -  v a r .  £ . i n c u r v a t u s ; f r o n d  n e a r l y  l i n e a r ,  a p ic e s  r o u n d e d ,
p e d u n c le s  o f  t h e  t u b e r c u l e s  in c u r v e d .
Holm es an d  B a t t e r s  ( I 8 9 O - I 8 9 I ) ,who d e s c r ib e d  t h e  p l a n t  as 
G i g a r t i n a  m a m il lo s a . h a v e  l i s t e d  t h e  same f o u r  v a r i e t i e s  d e s c r i b e d  by  
Goodenough an d  Woodward (1 7 9 7 ) . B a t t e r s  ( 1 9 0 2 ) c a l l e d  t h e  p l a n t
3 .
G i g a r t i n a  s t e l l a t a  a n d  l i s t e d  t h e  f o u r  v a r i e t i e s  a s :  v a r .  l i n e a r i s ,
v a r .  e c h i n a t a , v a r .  g e n u in a  a n d  v a r .  a c u ta  an d  d e s c r i b e d  f .  p r o l i f é r a  
T u rn , a n d 'f .  i n c u r v â t a  T u rn , a s  d i s t i n c t  fo rm s . N ew ton (1 931 ) 
f o l lo w e d  B a t t e r s ’ s c l a s s i f i c a t i o n  b u t  l i s t e d  o n ly  t h r e e  v a r i e t i e s ;  
v a r .  p r o l i f é r a  T u r n . , v a r .  i n  c u r v a t a  T u rn , an d  v a r .  a c u t a  Good. & 
Woodw. and  i n c lu d e d  f .  g e n u in a  i n  t h e  ty p e  s p e c i e s .
M a r s h a l l  e t  a l  (1 9 ^ 9 ) h a v e  exam in ed  l a r g e  num bers o f  f r e s h  
sp e c im e n s  o f  G i g a r t i n a  s t e l l a t a  fro m  v e ry  v a r i e d  l o c a l i t i e s  on t h e  
w e s t  c o a s t  o f  B r i t a i n  an d  th e y  s t a t e d  t h a t  o n ly  one  v a r i e t y ,  v a r .  
a c u t a  Good. & Woodw. c a n  b e  d i s t i n g u i s h e d .  H ow ever, t h e y  a d d ed  
t h a t  t h e r e  i s  a  w id e  ra n g e  o f  p o ly m o rp h ism  i n  t h e  s p e c i e s  an d  u n d e r  
c e r t a i n  c o n d i t io n s  e x tre m e  fo rm s a r e  p ro d u c e d  b u t  t h e s e  h av e  n o t  b e e n  
r e g a r d e d  a s  t r u e  v a r i e t i e s .
G i g a r t i n a  s t e l l a t a  i s  c h a r a c t e r i s e d  by  t h e  b r o a d  se g m e n ts  o f  
t h e  f r o n d  an d  t h e  r e g u l a r  d ich o to m y  o f  b r a n c h in g .  I t  v a r i e s  from  
4 -1 7  cm. i n  l e n g t h  an d  3~5 cm. i n  w id th ,  t h e  b r a n c h in g  i s  s p a r s e  
and  t h e  c h a n n e l in g  o f  t h e  f ro n d ,w h ic h  i s  one o f  t h e  d i s t i n g u i s h i n g  
c h a r a c t e r i s t i c s  o f  t h e  s p e c i e s ,  i s  v e r y  w e l l  m ark ed . The a p ic e s  
o f  t h e  f r o n d  a r e  ro u n d e d  o r  w e d g e -sh a p e d . The s u r f a c e  o f  t h e  
u p p e r  p a r t s  o f  t h e  t h a l i u s , e x c e p t  i n  v e ry  y o u n g  s p e c im e n s , i s  
u s u a l l y  c o v e re d  w i th  p a p i l l a e  i n  w h ich  c a rp o g o n ia  an d  t h e n  
c a r p o s p o r a n g ia  d e v e lo p *  T h ese  l a t t e r  a r e  n o t  u s u a l l y  m a r g in a l .
The c o lo u r  o f  t h e  f r o n d  i s  r e d d is h -b ro w n  t o  b l a c k ,  e x c e p t  w hen t h e  
p l a n t  becom es g r e e n i s h  u n d e r  c o n d i t io n s  o f  s t r o n g  i l l u m i n a t i o n ,  o r  
when new v e g e t a t i v e  g ro w th  i s  t a k i n g  p l a c e  i n  S p r in g .  The new ly  
fo rm ed  b r a n c h e s  o f  t h e  t h a l i u s  a r e  deep  p in k  i n  c o l o u r ,  som etim es 
t u r n i n g  o l i v e  g re e n  a t  a  l a t e r  s t a g e .  The p l a n t s  a r e  a t t a c h e d  t o
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ro c k s  5 o f t e n  i n  v e ry  e x p o se d  s i t u a t i o n s  w h ere  t h e  c o a s t  i s  s u r f  
w a sh e d , o r  grow i n  r o c k  p o o l s .
The v a r .  a c u t a  Good. & Woodw. as d e s c r ib e d  b y  M a r s h a l l  e t  a l  
( 1 9 4 9 ) i s  c h a r a c t e r i s e d  b y  t h e  a lm o s t  l i n e a r  fo rm  o f  t h e  t h  a l i u s  
a n d  t h e  i r r e g u l a r  and  p r o f u s e  b ran c h in g * , t h e  b r a n c h e s  a r e  o f t e n  
tw is te d ;*  t h e  l e n g t h  o f  t h e  t h  a l i u s  i s  from  4 -1 0  cm. an d  t h e  w id th  
fro m  0 .2  -  0 .5  cm. I n  C a rd ig a n  Bay t h e  w h o le  p l a n t ,  e x c e p t  t h e  
a p ic e s  o f  t h e  b r a n c h e s , i s  o f t e n  ,c o v e re d  b y  an  e p i p h y t i c  p o ly z o a n  
M em bran ipora  p i l o s a  ( L . ) .  The a p ic e s  o f  t h e  t h a l l u s  a r e  o f t e n  
a c u te .  The p l a n t  i s  g e n e r a l l y  v e r y  d a rk  i n  c o l o u r ,  a l t h o u ^ i  
g r e e n i s h  sp e c im e n s  h a v e  b e e n  fo u n d  u n d e r  c o n d i t io n s  o f  s t r o n g  
i l l u m i n a t i o n .  T h e re  a r e  few  p a p i l l a e  on t h e  s u r f a c e  o f  t h e  t h a l l u s ,  
b u t  i n  a d d i t i o n  t o  t h e  c a rp o g o n ia  b o rn e  i n  th e m , o t h e r s  a r e  som etim es 
d e v e lo p e d  i n  s m a l l  o u tg ro w th s  fro m  t h e  edge o f  t h e  t h a l l u s , t h i s  
fo rm  i s  u s u a l l y  fo u n d  g ro w in g  on s a n d  c o v e re d  r o c k s .
A lso  tw o  g ro w th  fo rm s h a v e  b e e n  d e s c r ib e d  b y  M a r s h a l l  e t  a l  
( 1 9 4 9 ) .  The f i r s t  g ro w th  fo rm  i s  a  v e ry  d i s t i n c t i v e ,  p a r s l e y - l i k e  
g ro w th . I t  i s  a lm o s t b l a c k  i n  c o l o u r , b u t  g r e e n i s h  i f  e x p o s e d  t o  
s t r o n g  i l l u m i n a t i o n .  P a p i l l a e  b e a r i n g  c a rp o s p o r e s  p a r t l y  c o v e r  
t h e  t h a l l u s  s u r f a c e  an d  am ongst th em  a r e  num erous s m a l l  p r o l i f e r a t i o n s . 
T h is  fo rm  a lw a y s  grow s i n  w a te r  o f  low  s a l i n i t y  a n d  i s  o f t e n  fo u n d  
i n  l o c a l i t i e s  o f  s a n d y  s h i n g l e  b e a c h . P o s s i b l y  t h e  m e c h a n ic a l  
i r r i t a t i o n  b y  a n g u la r  f ra g m e n ts  c a u s e s  t h e  e x c e s s iv e  d e v e lo p m en t 
o f  p a p i l l a e  a n d  p r o l i f e r a t i o n s .  T h is  fo rm  was fo u n d  a lm o s t  c o m p le te ly  
b u r i e d  i n  t h e  s a n d  i n  some l o c a l i t i e s  on t h e  I s l e  o f  S k y e .
The o t h e r  g ro w th  fo rm  i s  t h e  d w a rf - fo rm . The p l a n t  on t h e  
w h o le  i s  s i m i l a r  t o  t h e  p a r s l e y - t y p e  b u t  i s  d i s t i n g u i s h e d  fro m  i t  by
t h e  s p a r s e n e s s  o f  p r o l i f e r a t i o n s  a n d  b r a n c h e s , t o g e t h e r  w i th  i t s  
v e ry  s m a l l  s i z e .  ï h e  t h a l l u s  i s  r a r e l y  m ore t h a n  3 cm lo n g .  The 
p a p i l l a e  w h ich  b e a r  t h e  c y s to c a r p s  a r e  u s u a l l y  b o rn  i n  t u f t s  a t  t h e  
a p ic e s  o f  t h e  t h a l l u s .  The e x t r e m i t i e s  o f  t h e  b r a n c h e s  a r e  ro u n d e d  
and  t h e  t h a l l u s  i s  r e d d is h -b r o w n  i n  c o lo u r .  T h is  fo rm  i s  fo u n d  
g ro w in g  on r o c k s  b e n e a th  c o n s t a n t l y  d r ip p in g  f r e s h  w a t e r ,  a t  t h e  
b a s e  o f  t h e  p rom enade w a ll  a t  A b e ry s tw y th . I t  h a s  n e v e r  b e e n  
fo u n d  e ls e w h e r e .
The m ost r e c e n t  c o m p re h e n s iv e  re v ie w  o f  t h e  g en u s  i s  t h a t  
b y  Kim (1 975 ) who s t a t e d  t h a t  t h e  m ost c o n fu s in g  f e a t u r e  o f  members 
o f  t h e  f a m i ly  G ig a r t in a c e a e  i s  t h e  e x tre m e  v a r i a b i l i t y  o f  t h e  e x t e r n a l  
m o rp h o lo g y . E a r l i e r  i n v e s t i g a t o r s  w ere  aw are o f  t h i s  e x tre m e  
v a r i a b i l i t y .  They u s e d  c h a r a c t e r s  o f  e x t e r n a l  m o rp h o lo g y  su c h
as c o lo u r ,  s i z e  a n d  sh a p e  o f  t h e  f r o n d ,  t h e  p a t t e r n  o f  b r a n c h in g ,  
t h e  fo rm  an d  d i s t r i b u t i o n  o f  c y s to c a r p s  and  t e t r a s p o r a n g i a l  s o r i  t o  
d i s t i n g u i s h  s p e c i e s .  I n  a  few  s t u d i e s ,  i n t e r n a l  s t r u c t u r e s  su ch  
as t h e  s i z e  o f  m a tu re  c y s t o c a r p s ,  t h e  t h ic k n e s s  o f  t h e  f r o n d  and  t h e  
d ia m e te r  o f  m e d u l la r y  f i l a m e n t s ,  w ere  c o n s id e r e d .  U n f o r tu n a t e l y ,  
m ost o f  t h e s e  c h a r a c t e r i s t i c s  a r e  s u b je c t  t o  so  much v a r i a t i o n  
u n d e r  v a r i e d  e n v ir o n m e n ta l  c o n d i t io n s  t h a t  t h e y  m ust b e  u s e d  w i th  
g r e a t  c a u t io n  i n  d i s t i n g u i s h i n g  s p e c i e s .  Kim (1 9 7 5 ) p ro p o s e d  a  
new c l a s s i f i c a t i o n  s y s te m  i n  w h ich  h e  s u g g e s te d  t h a t  t h e  G ig a r t in a c e a e  
h a s  o n ly  tw o g e n e r a ,  G i g a r t i n a  a n d  C h o n d ru s . He s u b d iv id e d  
genus G i g a r t i n a  i n t o  tw o  s u b g e n e r a ,  G i g a r t i n a  an d  I r i d a e a . I n  
d i s t i n g u i s h i n g  t h e  d i f f e r e n t  s p e c i e s  Kim u s e d  o n ly  i n t e r n a l  
c h a r a c t e r i s t i c s  su c h  a s :
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1 . The p r e s e n c e  o r  a b se n c e  o f  e n v e lo p in g  t i s s u e  a ro u n d  t h e
g o n im o b la s t .
2 . The am ount a n d  c o m p a c tn e ss  o f  e n v e lo p in g  t i s s u e .
3 . The o c c u r r e n c e  o f  e n la r g e d  c e l l s  o f  fe m a le  f i l a m e n ts  a ro u n d
th e  g o n im o b la s t  f i l a m e n t s .
4 . The p o s i t i o n  o f  g o n im o b la s t  f i l a m e n ts  b e tw e e n  fe m a le  f i l a m e n ts
( i n t e r l a c e d  o r  n o t  i n t e r l a c e d ) .
5 . The sh a p e  o f  c e l l s  i n  y o u n g  g o n im o b la s t  f i l a m e n t s  ( e lo n g a te
o r  r o u n d ) .
6 . The ab u n d an ce  o f  a b s o r b in g  f i l a m e n t s .
7 . The d e p th  o f  t e t r a s p o r a n g i a l  s o r i  i n  t h e  t h a l l u s .
8 . The m eth o d  o f  f o rm a tio n  o f  t e t r a s p o r a n g i a l  m o th e r  c e l l s
( i n t e r c a l a r y ,  a c c e s s o r y  o r  b o t h ) .
1*2 L i f e  h i s t o r y  s t u d i e s  on G i g a r t i n a :
Members o f  t h e  o r d e r  G ig a r t  i n  a l e s  a r e  c h a r a c t e r i s e d  by  
c a rp o g o n ia  w hich, a r i s e  from  a p i c a l  c e l l s  o f  u n d i f f e r e n t i a t e d  f i l a m e n ts  
o f  t h e  t h a l l u s ;  d e v e lo p m en t o f  t h e  c a rp o s p o ro p h y te  fo l lo w s  t r a n s f e r  
o f  t h e  z y g o te  n u c le u s  t o  an a u x i l i a r y  c e l l  w h ich  i s  a lw a y s  an 
u n s p e c i a l i s e d  v e g e t a t i v e  c e l l  o f  th e  t h a l l u s ,  an d  may b e  a  s u p p o r t i n g  
c e l l  o f  t h e  c a r p o g o n ia l  b r a n c h e s  o r  a  c e l l  a t  d i s t a n c e  from  t h i s .  
C a rp o s p o ra n g ia  l i b e r a t e  e i t h e r  one c a rp o s p o re  o r  f o u r  c a r p o t e t r a s p o r e s ; 
garnet an g i a l  an d  t e t r a s p o r a n g i a l  p l a n t s  a r e  o f  s i m i l a r  o r  t o t a l l y  
d i s s i m i l a r  o r g a n i s a t i o n .
K y l in  (1 9 3 2 ) i n  d e f i n i n g  t h e  o r d e r ,  s t a t e d  t h a t  t h e  a u x i l i a r y
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c e l l  i s  fo rm e d  b e f o r e  f e r t i l i z a t i o n  o f  t h e  c a rp o g o n iu m . S c h m itz  an d  
H a u p t f l e i s c h  ( i n  E n g le r  an d  P r a n t l ’ s "D ie  n a t u r l i c h e n  p f l a n z n f a m i l i e n "  
p u b l i s h e d  i n  1 8 9 6 ) d e s c r i b e d  t h e  G i g a r t i n a l e s  a s  one  o f  f o u r  o r d e r s  o f  
t h e  F l o r i d e a e .  S e t c h e l l  and  G a rd n e r  (1 933 ) s u b d iv id e d  t h e  genus 
G i g a r t i n a  o f  t h e  N o r th e a s t  P a c i f i c  i n t o  s e v e n  sub  g e n e ra .  They fo u n d  
a  P o ly s ip h o n ia  t y p e  l i f e  h i s t o r y  i n  m ost o f  t h e  s p e c i e s  b u t  i n  some 
i n c l u d in g  G i g a r t i n a  s t e l l a t a , t h e  g a m e to p h y tic  an d  c y s t o c a r p i c  p h a s e s  
o n ly  w ere  r e c o g n i s e d  w i th  an  a p p a r e n t  a b se n c e  o f  a  t e t r a s p o r o p h y t e .  
T a y lo r  (1 9 5 7 ) fo u n d  t h a t  some members o f  t h e  o r d e r  G i g a r t i n a l e s  h a v e  
a  t r i p h a s i c  c y c le  i n  w h ich  t h e  garnetopbyt e  i s  m o r p h o lo g ic a l ly  s i m i l a r  
t o  t e t r a s p o r o p h y t e  ( i . e .  a  P o ly s ip h o n ia  ty p e  o f  l i f e  h i s t o r y ) .
K naggs ( 1 9 6 9 ) and  D ixon (1 9 7 0 ) p o i n t e d  o u t t h a t  t h e  o c c u r r e n c e  o f  
s e x u a l ,  c y s to c a r p i c  a n d  t e t r a s p o r a n g i a l  p l a n t s  o f  any  g iv e n  s p e c ie s  
c a n n o t b e  i n  i t s e l f  p r o o f  t h a t  t h e  s p e c i e s  h a s  a  P o ly s ip h o n ia  t y p e  
l i f e  h i s t o r y .  I t  m ust b e  a p p r e c i a t e d  t h a t  t h e r e  may b e  s e v e r a l  
e x p r e s s io n s  o f  l i f e  h i s t o r y  f o r  any s p e c i e s  (Kim 1 9 7 5 ) .
L in d a u e r  (1 9 3 9 ) r e p o r t e d  a  t e t r a s p o r o p h y t e  o f  G i g a r t i n a  a l v e a t a  
(T u rn . ) J .  Ag. i n  New Z e a la n d  and  s t a t e d  t h a t  t h e  t e t r a s p o r p p h y t e s  
o f  G. a l v e a t a  r e s e m b le d  t h e  c y s t o c a r p i c  p l a n t s  v e ry  c l o s e l y  w i th  t h e  
b r a n c h in g  b e in g  s t r i c t l y  d ich o to m o u s . The t e t r a s p o r a n g i a  f i r s t  make 
t h e i r  a p p e a ra n c e  i n  one o r  m ore s m a l l  o v a l  p a tc h e s  and  becom e l a r g e  
an d  w e l l  r a i s e d  above  t h e  s u r f a c e  o f  t h e  f r o n d .  H ow ever, M a rs h a l l  
e t  a l  ( 1 9 4 9 ) who f a i l e d  t o  o b s e rv e  t h e  t e t r a s p o r i c  p h a s e  o f  G i g a r t i n a  
s t e l  1 a t  a  i n  n a t u r e ,  s t a t e d  t h a t  G. a l v e a t a  i s  v e ry  d i f f e r e n t  i n  h a b i t  
from  any  o f  t h e  n o r th e r n  fo rm s . I s a a c  an d  Sim ons (1 9 5 4 ) r e p o r t e d  
p l a n t s  o f  G i g a r t i n a  p i s t i l l a t a  (G m elin ) S ta c k h o u s e  fro m  P o r t  A l f r e d ,  
S o u th  A f r i c a ,  w i th  a  r e c o r d  o f  p l a n t s  b e a r i n g  b o th  t e t r a s p o r a n g i a  and
c a r p o s p o r a n g ia  on t h e  same f r o n d .
Damman ( l9 3 0 )  grew  t h e  c a rp o s p o r e s  o f  Hala r a c h n i o n  l i g u l a t n m 
(Woodw. ) K u tz in g  a n d  o b ta in e d  c r u s t o s e  p l a n t s  from  t h e  c a r p o s p o r e s .  
T h ese  c r u s t o s e  p l a n t s  w ere  l a t e r  shown b y  B o i l l o t  ( 1 9 6 5 ) t o  b e  t h e  
t e t r a s p o r o p h y t e  o f  H. l i g u l a t u m  a n d  t o  r e s e m b le  C r u o r ia  r o s e a  
(C rouan  f r a t . )  C rouan f r a t .  M a r s h a l l  e t  a l  (1 9 4 9 ) o b t a in e d  o n ly  
b a s a l  d i s c s  fro m  c a rp o s p o r e s  o f  G i g a r t i n a  s t e l l a t a .  They s t a t e d  
t h a t  t h e y  w ere  aw are o f  t h e  r e s u l t s  o f  Damman ( 1 9 3 0 ) ,  b u t  t h e y  w ere  
u n s u c c e s s f u l  i n  a s s o c i a t i n g  a  c r u s t o s e  s ta g e  w i th  G. s t e l l a t a .  They 
t h e r e f o r e  s p e c u l a t e d  t h a t  t h e  garnetophyt e  was fo rm ed  d i r e c t l y  from  
c a r p o s p o r e s .  A s i m i l a r  c o n c lu s io n  was draw n b y  H inchm an (1964 ) 
in  h i s  s tu d y  o f  G i g a r t i n a  p a p i l l a t a  com plex  o f  t h e  N o r th  E a s te r n  
P a c i f i c .  A c c o rd in g  t o  M a rs h a l l  e t  a l  (1949) an d  H inchm an (1964 ) 
th e  c a rp o s p o re s  m ig h t d e v e lo p  a p o m i c t i c a l ly  o r  m in u te  t e t r a s p o r o p h y t e s  
w ere  y e t  t o  b e  fo u n d  i n  n a t u r e .
E d e l s t e i n ,  Chen and  M cLachlan (1974) fo u n d  t h a t  t h e  
c a rp o s p o ro p h y te s  o f  G ig a r t i n a  s t e l l a t a  d e v e lo p  w i th o u t  any  e v id e n c e  
o f  f e r t i l i z a t i o n  w h ic h  s u g g e s t s  an apogam ous d e v e lo p m e n t i n  t h e  
s p e c i e s .  They s t a t e d  t h a t  u n l ik e  some s p e c i e s  o f  G iga r t i n a  w i th  a  
d i p l o b i o n t i c  l i f e  c y c l e ,  o n ly  s e x u a l  p l a n t s  o f  G_. s t e l l a t a  h av e  
b e e n  fo u n d . M o re o v e r , m ost o f  t h e  r e c o r d s  o f  t h e  m ale  p l a n t s  f o r  
t h e  s p e c i e s  a r e  d o u b t f u l ,  an d  b e c a u s e  t h e  t e t r a s p o r i c  p h a s e  i s  
a p p a r e n t ly  l a c k i n g ,  r e p r o d u c t io n  was assum ed  t o  b e  o n ly  b y  means 
o f  c a r p o s p o r e s . C hen, E d e l s t e i n  and  M cL achlan (1 9 7 4 ) c o m p le te d  th e  
l i f e  h i s t o r y  o f  G i g a r t i n a  s t e l l a t a  i n  c u l t u r e  s t a r t e d  from  
c a rp o s p o r e s  p ro d u c e d  b y  p l a n t s  i n  n a t u r e . The a lg a  was t a k e n  th ro u g h  
two g e n e r a t io n s  w i t h i n  a  3 - y e a r  p e r i o d ;  i n  a l l  c a s e s  c a rp o s p o r e s
gave r i s e  d i r e c t l y  t o  g a m e to p h y tic  p l a n t s  w i th o u t  i n t e r v e n t i o n  
o f  t e t r a s p o r o p h y t e .  M ale p l a n t s  w i th  s p e r m a t i a  w e re  a b s e n t  in  
c u l t u r e  an d  w ere  n o t  n o te d  i n  t h e  f i e l d .
B o i l l o t  (1 9 6 5 s  1 9 7 2 ) an d  C odom ier (1972 ) h a v e  shown t h a t  
i n  some s p e c i e s  o f  G i g a r t i n a l e s , t h e  f o l i o s e  garnetophyt e  a l t e r n a t e s  
w i th  a  s m a l l  c r u s t o s e  t e t r a s p o r o p h y t e .
W est ( 1 9 7 2 ) r e p o r t e d  on t h e  c u l t u r e  o f  t e t r a s p o r e s  o f  
P e t r o c e l i s  f r a n s i s c a n a  G e tc h . e t  G ard n . from  C a l i f o r n i a .  S p o r e l in g s  
gave r i s e  t o  f e r t i l e  garnetophyt e  w h ich  re s e m b le d  G ig a r t i n a  a g a r d h i i  
S e tc h .  e t  G ard n . an d  a l th o u g h  t h e  c a rp o s p o r e s  w ere  v i a b l e ,  t h e i r  
f a t e  was n o t  fo l lo w e d  b e y o n d  g e r m in a t io n .  T h is  r e s u l t  was c o n f irm e d  
b y  W est a n d  P o la n s h e k  (1972 ) who r e p o r t e d  b r i e f l y  on c u l t u r e  s t a r t e d  
fro m  c a rp o s p o r e s  o f  G i g a r t i n a  p a p i l l a t a  ( c .A g . ) J .  Ag. a l s o  from  
C a l i f o r n i a ,  some s p o r e s  gave r i s e  d i r e c t l y  t o  g a m e to p h y tic  p h a s e  
w h e re a s  o th e r s  fo rm e d  c r u s t o s e  p l a n t s  and  w h i le  n o t  b e c o m in g  f e r t i l e ,  
r e s e m b le d  P e t r o c e l i s  a n a to m ic a l ly .  More r e c e n t l y ,  P o la n s h e k  an d  
W est ( 1 9 7 5 ) c o n f irm e d  a g a in  t h e i r  p r e v io u s  r e s u l t s  b y  c u l t u r i n g  t h e  
t e t r a s p o r e s  o f  P e t r o c e l i s fro m  A la s k a  an d  C a l i f o r n i a .  They fo u n d  
t h a t  t h e  t e t r a s p o r e s  gave r i s e  t o  f o l i o s e ,  d io e c io u s  g a m e to p h y te , 
and  t h e  f e r t i l i z e d  fe m a le  p l a n t s  p ro d u c e d  c y s to c a r p s  a n d  c a rp o s p o r e s  
gave  r i s e  t o  c r u s t o s e  p l a n t s  a n a to m ic a l ly  s i m i l a r  t o  f i e l d - c o l l e c t e d  
P e t r o c e l i s  s p o r o p h y te s .
W e st, P o la n s h e k  an d  G u iry  (1977 ) c u l t u r e d  t h e  t e t r a s p o r e s  o f  
P e t r o c e l i s  c r u e n t  a  J .  Ag. from  C ounty  W a te r f o r d ,  I r e l a n d .  A g a in  th e y  
fo u n d  t h a t  t h e  t e t r a s p o r e s  gave r i s e  t o  f o l i o s e ,  d io e c io u s  garnet o p h y t e s ,
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and  c a rp o s p o r e s  fro m  t h i s  f o l i o s e  p h a s e  gave r i s e  t o  F e t r o c e l i s - l i k e  
p h a s e
c r u s t o s e / t h a t  h a s  n o t  r e p r o d u c e d  i n  c u l t u r e .  They a l s o  s t a t e d  t h a t  
G i g a r t i n a  s t e l l a t a  i s  p o s t u l a t e d  t o  r e p r e s e n t  t h e  n a t u r a l l y  o c c u r r in g  
g a m e to p h y te  o f  P e t r o c e l i s  c r u e n t a  i n  I r e l a n d  an d  p o s s i b l y  e ls e w h e r e .  
R ueness (1 9 7 8 ) fo u n d  t h a t  c a rp o s p o r e s  o f  G i g a r t i n a  s t e l l a t a  fro m  th e  
N orw eg ian  w e s t  c o a s t  gave r i s e  d i r e c t l y  t o  c a r p o s p o r ic  p l a n t s  t h r o u ^ o u t  
tw o s u c c e s s iv e  g e n e r a t i o n s  i n  c u l t u r e .  The m ale  p l a n t s  an d  t e t r a s p o r o ­
p h y te s  w e re  a b s e n t  i n  c u l t u r e .  A re m a rk a b le  r e s u l t  was fo u n d  by  R ueness 
( 1 9 7 8 ) i n  t h a t  t h e  c a rp o s p o r e s  g e rm in a te d  as c r u s t o s e  d i s c s  a t  12°C 
and  1 7 °C , 2 0 0 -3 0 0  l u x  a n d  I 5 OO l u x  and  u n d e r  p h o to p e r io d  o f  L/D l 6 : 8 .
A t t h e  h i g h e r  l e v e l s  o f  t e m p e r a tu r e  an d  l i ^ t  i n t e n s i t y ,  e r e c t  ax es  
w ere  fo rm e d  and  grew  t o  r e p r o d u c t i v e  m a t u r i t y  i n  a b o u t  12 m onths w i th  
o n ly  s l i ^ t  i n c r e a s e  i n  t h e  d i s c s  d ia m e te r  a f t e r  e s t a b l i s h m e n t  o f  
e r e c t  a x e s . U nder c o n d i t io n s  o f  low  te m p e r a tu r e  an d  l i g h t  i n t e n s i t y  
t h e  b a s a l  d i s c s  i n c r e a s e d  in  d ia m e te r  t h r o u ^  m a r g in a l  g ro w th , a t t a i n i n g  
d ia m e te r  o f  a b o u t 25 mm a f t e r  4 y e a r s  o f  i n c u b a t io n  w i th  a p p a re n t  
s u p p r e s s io n  o f  e r e c t  a x e s .
1 •3  S tu d ie s  on C a r r a g e e n a n :
G i g a r t i n a  s t e l l a t a  i n  common w i th  s e v e r a l  o t h e r  members o f  t h e  
G i g a r t i n a l e s  c o n ta in s  t h e  p h y c o c o l lo id  c a r r a g e e n a n .  T h is  s u b s ta n c e  
i s  a  s u lp h a t e d  p o ly s a c c h a r id e  w h ich  e x i s t s  i n  3 m ain  fo rm s k ,  X and  y 
c a r r a g e e n a n  as shown i n  F ig u r e  ( l ) .  The name C a r ra g e e n in  t o  d e s ig n a t e  
t h e  e x t r a c t  fro m  C hondrus c r i s p u s  was  f i r s t  u s e d  b y  S t a n f o r d  i n  1862 
(De R osa  1 9 7 2 ) ,  b u t  a  p o ly s a c c h a r id e  w i th  s i m i l a r  p r o p e r t i e s  h a d  b e e n  
i s o l a t e d  an d  d e s c r ib e d  b y  S ch m id t ( l 8 4 4 ) . The t e r m  C a r ra g e e n a n  i s  m ore
Figure 1: Showing th e  s tru ctu re  o f  th e  th ree  main ty p es  o f
carrageenan.
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r e c e n t  an d  h a s  h e e n  u s e d  b y  s e v e r a l  a u th o r s  a f t e r  1 9 5 0 . The 
chem icaJ. an d  p h y s i c a l  p r o p e r t i e s  o f  C a rra g e e n a n  make i t  u s e f u l  as 
a  s t a b i l i z e r  as v e i l  as a  g e l a t i n g ,  s t i f f e n i n g  an d  t h i c k e n i n g  a g e n t .  
F o o d , p h a r m a c e u t i c a l ,  c o s m e tic  an d  o t h e r  i n d u s t r i e s  i n c o r p o r a t e  
C a rra g e e n a n  i n  p r o d u c t s  a s  d iv e r s e  as  t o o t h  p a s t e ,  c h o c o la te  m i lk ,  
i c e  c re a m , i n s e c t  s p r a y s  an d  p a i n t  (Hoppe an d  Schm id  1 9 6 2 ) .
S e b o r  i n  1900 (a s  r e p o r t e d  b y  Haas ( l9 2 1 a ) )  e x t r a c t e d  t h e  
m u c ila g e  o f  Chond ru s  c r i s p u s  a n d  d e s c r ib e d  t h e  C a r ra g e e n  m u c ila g e  
as a  com plex  c a r b o h y d r a te .  Haas ( 1 9 2 1 a) a n d  H aas a n d  H i l l  ( l 9 2 l )  
r e p o r t e d  t h a t  t h e  h o t  v a t e r  e x t r a c t  o f  Chon d ru s  c r i s p u s  i s  n o t  a  
s i n g l e  s u b s ta n c e  b u t  i s  com posed o f  a t  l e a s t  tv o  c o n s t i t u e n t s ,  w h ich  
can  b e  s e p a r a t e d  b y  m ak ing  u s e  o f  t h e i r  d i f f e r e n t  s o l u b i l i t y  i n  
c o ld  w a t e r ,  an d  t h e y  c a l l e d  t h e  tw o c o n s t i t u e n t s  t h e  c o ld  e x t r a c t  
an d  h o t  e x t r a c t .  The c o ld  e x t r a c t  p ro d u c e s  t h i c k  v i s c o u s  s o l u t i o n s ,  
w h i le  t h e  h o t  e x t r a c t  p ro d u c e s  s o l u t i o n s  w h ich  t e n d  t o  g e l a t i n i s e  
on c o o l in g .  A few  y e a r s  l a t e r  B u t l e r  (1 9 3 ^ ) s t u d i e d  t h e  e x t r a c t  o f  
Chond ru s c r i s p u s a n d  s t a t e d  t h a t  t h e  e x t r a c t  i s  a  m ix tu re  o f  
s u lp h a t e s  t o g e t h e r  w i th  o t h e r  s u b s ta n c e s  su c h  as  p h o s p h a te s .
C a rra g e e n a n  o f  b o th  G i g a r t i n a  s t e l l a t a  and  Chond ru s  c r i s p u s  was 
fo u n d  to .b e  s i m i l a r  (D ew ar an d  P e r c i v a l  19^7) au d  M a r s h a l l  et_ _slL 19^9) 
who a l s o  fo u n d  t h a t  b o th  s p e c i e s  y i e l d  a b o u t ^ 0 %  o f  d ry  w e ig h t  as an  
e x t r a c t .  They u s e d  t h e  te r m  "A g ar o f  G;. s t e l l a t a "  w i th o u t
m e n t io n in g  t h e  p o s s i b i l i t y  o f  f r a c t i o n a t i o n .
S m ith  an d  Cook ( 1 9 5 3 ) ,  S m ith , Cook an d  N e a l  (1 9 5 ^ ) aiih  G o rin g  
an d  Young (1 9 5 5 ) s t u d i e d  th e  f r a c t i o n a t i o n  o f  c a r r a g e e n a n  an d  show ed 
t h a t  i t  c o n ta in s  tw o o r  m ore p o ly s a c c h a r id e s  , an d  t h a t  t h e  K -c a r r a g e e n a n  
i s  p r e c i p i t a t e d  b y  a d d i t i o n  o f  p o ta s s iu m  c h l o r i d e ,  w h ile . X -c a rra g e e n a n
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re m a in s  i n  s o l u t i o n .  B la c k ,  B la k e m o re , C olquhoun  a n d  Dewar (1965) 
who s t u d i e d  c a r r a g e e n a n  fro m  s e v e r a l  r e d  m a rin e  a lg a e  i n c l u d in g  
G i g a r t i n a  s t e l l a t a , i n d i c a t e d  t h a t  c a r r a g e e n a n  fro m  G. s t e l l a t a  gave 
p o o r  s e p a r a t i o n  i n t o  k  and  X  f r a c t i o n s .  T h is  r e s u l t  was c o n f irm e d  
b y  W aaland  (1 9 7 5 ) who s t u d i e d  C a r ra g e e n a n  fro m  s e v e r a l  s p e c i e s  o f  
G i g a r t i n a c e a  ( i r i d a e a  cor  d a t a ,  h e t e r o c a r p a ,  I_. l i n e  a r e , c o m u c o p i a e ,
G i g a r t i n a  e x a s p o r a t a  an d  _G. p a p i l l a t a ) and  fo u n d  t h a t  t h e  t o t a l  y i e l d  
fro m  t h e  s p e c i e s  s t u d i e d  ra n g e d  fro m  5 2 - 6 6 % o f  d ry  w e ig h t ,  and  in  
a l l  s p e c i e s , t h e  c a r r a g e e n a n  i n  garnetophyt e  was 93% K ~ c a rra g e e n a n  
w h i le  i n  t e t r a s p o r o p h y t e  i t  was 95^ X " c a r r a g e e n a n . A s i m i l a r  r e s u l t  
was fo u n d  b y  M ath i  e s  on a n d  T v e te r  (1975 ) ^ h o  r e p o 2r te d  t h a t  t h e  
X - c a r r a g e e n a n  " th e  n o n - g e l l i n g  f r a c t i o n "  o c c u rs  i n  t e t r a s p o r o p h y t e s  
o f  Chond ru s  c r i s p u s . M c C a n d le ss , C r a ig i e  and  W a lte r  (1 9 7 3 ) f o u n d ' 
a  s i m i l a r  r e s u l t  when t h e y  a n a ly s e d  c a r r a g e e n a n  fro m  Chond ru s  c r i s p u s .
They s t a t e d  t h a t  t h e  s p o ro p h y te  o f  Chond ru s  c r i s p u s  c o n ta in s  o n ly  
X- c a r r a g e e n a n ,  w h e re a s  t h e  g a rn e to p h y te  c o n ta in s  a  m ix tu re  o f  
K- c a r r a g e e n a n ,  p -  c a r r a g e e n a n  an d  x -  c a r r a g e e n a n .
C hen , M c L ach lan , N e is h  and  S h a c k lo c k  (1973 ) s t a t e d  t h a t  t h e  
r a t i o  o f  t h e  c o n c e n t r a t io n  o f  t o  X” c a r r a g e e n a n  i s  low  in  
t e t r a s p o r i c  p l a n t s  o f  Chon d ru s  c r i s p u s  and  r e l a t i v e l y  h ig h  i n  t h e  
g a m e to p h y te s . The k / X  r a t i o  i n  G i g a r t i n a  s t e l l a t a  was h ig h  i n  garnet o p h y te  
as i n  Ç. c r i s p u s . T h e r e f o r e , t h e y  s u g g e s te d  t h a t  t h e  co m m e rc ia l q u a l i t y  
o f  c a r r a g e e n a n  can  b e  c o r r e l a t e d  w i th  t h e  b i o l o g i c a l  s t a t u s  o f  th e  
h a r v e s t e d  p l a n t s .  M cC andless a n d  C r a ig ie  (1 9 7 ^ ) a n a ly s e d  c a r r a g e e n a n  
p ro d u c e d  b y  c a r p o s p o r ic  p l a n t s  o f  C hondrus c r i s p u s  fro m  Nova S c o t i a  and  
fo u n d  t h a t  t h e  p l a n t s  h av e  75^ K - c a r r a g e e n a n .  The s o lu b l e  c a r r a g e e n a n  i s  
n o t  X -c a r r a g e e n  a n ,  b u t  a  m ix tu re  o f  K - p r e c u r s o r ,  p - c a r r a g e e n a n  and  a
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new s u lp h a t e d  g a l a c t a n .  M cC andless , C r a ig ie  an d  H ansen  (1975 ) 
fo u n d  s i m i l a r  r e s u l t s  t o  C hondrus c r i s p u s  when t h e y  a n a ly s e d  t h e  
c a r r a g e e n a n  fro m  I r i d a e a  c o r d a t a  and  th e y  a l s o  fo u n d  t h a t  m ale  p l a n t s  
o f  ^  c o r  d a t a  y i e l d  p r o p o r t i o n a t e l y  m ore k~ c a r r a g e e n a n  th a n  d id  t h e  
fe m a le . P ic k m e r e , P a r s o n s  and  B a i le y  (1975 ) s t u d i e d  t h e  c a r r a g e e n a n  
c o m p o s i t io n  i n  t h r e e  New Z e a la n d  s p e c i e s  o f  G i g a r t i n a  (G_. d e c i p i e n s ,
2* a t r o p u r p u r e a  an d  2* a n g u l a t a ) a n d  fo u n d  s i m i l a r  r e s u l t s  t o  t h e  
p r e v io u s  a u t h o r s ,  i . e .  t h e  t e t r a s p o r o p h y t e s  c o n ta in  A“  c a r r a g e e n a n  
and  l i t t l e  o r  no  k- c a r r a g e e n  a n . They a l s o  fo u n d  t h a t  j u v e n i l e  
g a m e to p h y te s  c o n ta in  m ore y - c a r r a g e e n a n  th a n  t h e  f e r t i l e  o n e s .
The c h e m ic a l  s t r u c t u r e  o f  c a r r a g e e n a n  h a s  h e e n  s t u d i e d  h y  
many a u th o r s .  F o r  e x a m p le , T o l le n  ( l9 lU )  a s  r e p o r t e d  h y  Haas 
( 1 9 2 1 a )  p l a c e d  c a r r a g e e n a n  among t h e  f r u c t o s a n s ,  w i th o u t  a s s i g n i n g  
a  d e f i n i t e  f o rm u la  t o  t h e  s u b s ta n c e .  A lso  H aas (1 9 2 1 a ) q u o te d  t h e  
w ork o f  S e b o r  (1 9 0 0 ) who s t a t e d  t h a t  t h e  com plex  c a r p o h y d r a te  o f  
C hondrus c r i s p u s  i s  p ro d u c e d  by  t h e  u n io n  o f  g a l a c t o s e ,  d e x t r o s e  
an d  l e a v u l o s e  r e s i d u e s  t o g e t h e r  w i th  s m a l l  q u a n t i t i e s  o f  p e n to s a n  
o r  m e th y l p e n to s a n  a s  im p u r i ty .  S m ith ,  O’N e i l l  an d  P e r l i n  (1 9 5 5 ) ,
M organ an d  O’N e i l l  ( 1 9 5 9 ) ,  D o lan  and  R ees ( 1 9 6 5 ) a n d  B la c k  ( 1 9 6 6 ) 
s t u d i e d  t h e  c h e m ic a l  s t r u c t u r e  o f  c a r r a g e e n a n  i n  d e t a i l  and  show ed 
t h a t  t h e  < -  an d  f r a c t i o n s  w e re  s t r u c t u r a l l y  r e l a t e d ,  b u t  as 
s t a t e d  by  S m ith  e t  a l  ( 1 9 5 5 ) ,  t h a t  K— a r r a g e e n a n  i n d i c a t e s  g e n e r a l  
c h e m ic a l  h o m o g e n e ity  b u t  p h y s i c a l  h e t e r o g e n e i t y  and  i t  i s  c h e m ic a l ly  
m ore hom ogeneous t h a n  t h e  X - c a r r a g e e n a n .
A n d e rs o n , D o la n , P enm an, R e e s ,  M u e l l e r ,  S t a n c i o f f  an d  S ta n le y  
( 1 9 6 8 ) s t u d i e d  t h e  v a r i a t i o n  i n  c a r r a g e e n a n  s t r u c t u r e  an d  c h a r a c t e r i s a t i o n  
o f  s u lp h a t e  e s t e r  b y  i n f r a r e d  s p e c t r o s c o p y ,  and  show ed t h a t  t h e  s e p a r a t i o n
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o f  c a r r a g e e n a n  i n t o  s e r i e s  o f  sub  f r a c t i o n s  s u g g e s t s  t h a t  i t  m ig h t 
c o n ta in  a  m ix tu re  o f  r e l a t e d  m o le c u le s .  C a r ra g e e n a n s  a s  s t a t e d  b y  
B la c k ,  B la k e m o re , C olquhoun  an d  Dewar ( 1 9 6 5 ) a r e  c h a r a c t e r i s e d  by  
h a v in g  a  h i g h e r  s u lp h a t e  c o n te n t  (20-50%  c a l .  as  SO^Na) an d  a r e  
r e a d i l y  d i f f e r e n t i a t e d  grom  t h e  a g a r s  e x t r a c t e d  fro m  A hnfe l t i a , 
C e l id iu m , G r a c i l a r i a , P h y l lo p h o r a  a n d  P t e r o c l a d i a  s p e c i e s  w h ich  
h a v e  much lo w e r  s u lp h a t e  c o n te n t s .
R ees ( 1 9 6 3 ) s u g g e s te d  t h a t  c a r r a g e e n a n  may b e  t h e  b i o l o g i c a l  
p r e c u r s o r  o f  k ~  c a r r a g e e n a n  an d  t h a t  t h e  se aw e ed  may c o n ta in  s e v e r a l  
enzym es c a p a b le  o f  m e t a b o l i s in g  s u lp h a t e  e s t e r s  i n c l u d i n g  one t h a t  
e f f e c t s  t h e  6 - s u l p h a t e .  P a r b e r  (1 9 5 9 ) made a  c o m p a ra t iv e  s tu d y  
o f  K“  and  X ~  c a r r a g e e n a n  o f  C hondrus c r i s p u s  i n  s o l u t i o n .  He s t u d i e d  
t h e  b e h a v io u r  o f  t h e  tw o f r a c t i o n s  a s  p o ly  e l e c t r o l y t e s  i n  o r d e r  
t o  b e  a b le  t o  d i f f e r e n t i a t e  th em  i n t o  f r a c t i o n s .  He fo u n d  k“  
c a r r a g e e n a n  i s  o f  lo w e r  m o le c u la r  w e i ^ i t  t h a n  t h e  X ~  c a r r a g e e n a n .
He c o n s id e r e d  b o th  f r a c t i o n s  a s  s t i f f e r  th a n  v i n y l - t y p e  p o ly m e rs . 
S tu d ie s  on t h e  m o le c u la r  s t r u c t u r e s  o f  c a r r a g e e n a n  h a v e  b e e n  re v ie w e d  
b y  many w o r k e r s ,  e . g .  S m ith  an d  M ontgom ery ( 1 9 5 9 ) ,  A n d e rs o n , W. ( 1 9 6 T) 
an d  De R osa ( 1 9 7 2 ) .  A r e f e r e n c e  l i s t  was c o m p ile d  b y  H arvey  and  
M cL achlan (197  3 ) .
L i t t l e  i s  known o f  t h e  r o l e  o f  e n v iro n m e n ta l  c o n d i t io n s  i n  
d e te r m in in g  th e  c o n c e n t r a t i o n  a n d  p r o p e r t i e s  o f  c a r r a g e e n a n  i n  p l a n t s .  
H aas ( 1 9 2 1 b )  an d  H aas and  H i l l  ( l 9 2 l )  fo u n d  t h a t  t h e  c o ld  an d  h o t  
e x t r a c t s  o f  C hondrus c r i s p u s  h a v e  d i f f e r e n t  p h y s i c a l  a n d  c h e m ic a l  
p r o p e r t i e s .  B u t l e r  (1 9 3 ^ , 1936 ) s t u d i e d  t h e  s e a s o n a l  v a r i a t i o n  o f  
c a r r a g e e n a n  i n  C hondrus c r i s p u s  a n d  fo u n d  t h a t  t h e  maximum y i e l d  o f
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c a r r a g e e n a n  was o b ta in e d  i n  suimner m o n th s .
The p h y s i c a l  p r o p e r t i e s  o f  e x t r a c t s  o f  G i g a r t i n a  s t e l l a t a  
a n d  C hondrus c r i s p u s  was s t u d i e d  hy  M a rs h a l l  e t  a l  (1 9 ^ 9 ) • They 
fo u n d  t h a t  b o th  t h e  m ethod  o f  e x t r a c t i o n  and  t h e  t im e  o f  e x t r a c t i o n  
a f f e c t s  t h e  v i s c o s i t y ,  s p e c i f i c  g r a v i t y  and  g e l  s t r e n g t h  o f  e x t r a c t  
fro m  t h e  tw o s p e c i e s .  G o rin g  (1956a) and  Young an d  G o rin g  (1958) 
s t u d i e d  some p h y s i c a l  p r o p e r t i e s  o f  c a r r a g e e n a n  fro m  C hondrus c r i s p u s  
an d  fo u n d  t h a t  t h e  g e l  s t r e n g t h  an d  v i s c o s i t y  o f  c a r r a g e e n a n  was 
a f f e c t e d  b y  s to r a g e  o f  t h e  d r i e d  seaw eed . A f t e r  tw o y e a r s  t h e y  
n o t i c e d  m arked  l o s s e s  i n  t h e  v a lu e  o f  g e l  s t r e n g t h  a n d  v i s c o s i t y  a t  
a l l  t e m p e r a tu r e s  o f  s t o r a g e .  Yaphe (1959 ) t r i e d  t o  u s e  t h e
c a r r a g e e n a n  c o n te n t  as a  f a c t o r  i n  c l a s s i f i c a t i o n  o f  t h e  R h o d o p h y ceae .
He a n a ly s e d  th e  c a r r a g e e n a n  c o n te n t  o f  30 s p e c i e s  o f  R hodophyceae 
i n c l u d in g  G i g a r t i n a  s t e l l a t a  an d  C hondrus c r i s p u s  a n d  fo u n d  t h a t  t h e  
s p e c i e s  s t u d i e d  c o u ld  b e  s u b d iv id e d  i n t o  3 g ro u p s  on t h e  b a s i s  o f  t h e  
q u a n t i t y  o f  c a r r a g e e n a n  an d  r e g a r d e d  b o th  2* s t e l l a t a  an d  2* c r i s p u s  
as  member o f  g ro u p  2 w h ich  c o n ta in s  medium am o u n ts . F u l l e r  ( l9 T l )
i n  h i s  P h .D . d i s s e r t a t i o n , made an  e x te n s iv e  e c o l o g i c a l  s tu d y  o f  
c a r r a g e e n a n  i n  C hondrus c r i s p u s  fro m  5 d i f f e r e n t  l o c a t i o n s  i n  New 
H a m p sh ire , U .S .A . i n  o r d e r  t o  f i n d  t h e  i n t e r r e l a t i o n  b e tw e e n  c a r r a g e e n a n  
c o n t e n t ,  g e l  s t r e n g t h ,  v i s c o s i t y  an d  r a t i o  o f  k./X an d  s e a s o n  o f  h a r v e s t .  
No c o r r e l a t i o n  was fo u n d  b e tw e e n  g e l  s t r e n g t h  an d  v i s c o s i t y ,  b u t  g e l ;  
s t r e n g t h  a n d  t h e  r a t i o  o f  f r a c t i o n s  show ed a  d i r e c t  r e l a t i o n s h i p .
P l a n t  a g e ,  r e p r o d u c t i o n ,  v e r t i c a l  p o s i t i o n  an d  e x p o s u re  t o  wave a c t i o n  
h a d  no  e f f e c t  on t h e  q u a n t i t y  o r  p r o p e r t i e s  o f  c a r r a g e e n a n .  The 
q u a n t i t y  o f  c a r r a g e e n a n ,  g e l  s t r e n g t h  and  t h e  s i z e  o f  k a p p a  f r a c t i o n  
w ere  g r e a t e r  i n  p l a n t s  o f  c o a s t a l  t h a n  e s t u a r i n e  l o c a t i o n s .  The
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v i s c o s i t y  show ed an  o p p o s i t e  t r e n d .  C a rra g e e n a n  c o n c e n t r a t i o n ,  g e l  
s t r e n g t h  an d  v i s c o s i t y  w e re  h i g h e s t  i n  w i n t e r  m o n th s , w h i le  t h e  lo w e s t  
v a lu e  w e re  r e c o r d e d  d u r in g  t h e  s p r i n g - e a r l y  summ er. F u l l e r  ( l9 T l )  
s t a t e d  t h a t  a  com plex  i n t r a c t i o n  o f  many f a c t o r s  ( i n c l u d i n g  t e m p e r a t u r e ,  
s a l i n i t y  an d  n u t r i e n t s )  i s  p r o b a b ly  r e s p o n s i b l e  f o r  t h e  s e a s o n a l  
t r e n d s .  P ic k m e re  e t  a l  ( l9 T 5 )  fo u n d  t h a t  t h e  t o t a l  y i e l d  o f  c a r r a g e e n a n  
fro m  3 s p e c i e s  o f  G i g a r t i n a  r e a c h e d  a b o u t ’J 0 %  i n  summer and  au tum n.
M a th ie so n  a n d  T v e te r  ( l9 T 5 )  c o r r e l a t e d  t h e  c a r r a g e e n a n  c o n t e n t ,  v i s c o s i t y  
and  g e l  s t r e n g t h  w i th  t h e  t im e  o f  h a r v e s t .  They fo u n d  t h a t  t h e s e  
p r o p e r t i e s  e x h i b i t e d  maximum v a lu e  i n  autum n an d  e a r l y  w i n t e r .  They 
a l s o  s u g g e s te d  p o s s i b l e  c o r r e l a t i o n  b e tw e e n  v a r i a t i o n  i n  f r a c t i o n s  o f  
c a r r a g e e n a n  o f  C hondrus c r i s p u s  an d  e x p o s u re  t o  wave a c t i o n .
1,1+ E c o l o g ic a l  S tu d ie s  on G i g a r t i n a  s t e l l a t a :
The e c o lo g y  o f  G i g a r t i n a  s t e l l a t a  h a s  b e e n  s t u d i e d  b y  
M a rs h a l l  e t  a l  (1 9 ^9 ) fro m  t h e  p o in t  o f  v iew  o f  g e n e r a l  d i s t r i b u t i o n  
o f  h a r v e s t a b l e  a r e a s  i n  B r i t a i n ,  and  fro m  t h e  m ore d e t a i l e d  v iew  
p o i n t  o f  i t s  o c c u r r e n c e  i n  r e l a t i o n  t o  o t h e r  s h o re  a l g a e .  They hav e
shown t h a t  t h e  m ost p r o d u c t iv e  a r e a s  a r e  t h e  c o a s t  o f  Skye a n d  i t s  
a s s o c i a t e d  I s l a n d s ,  t h e  w e s t  c o a s t  o f  M u ll ,  t h e  c o a s t  o f  t h e  F i r t h  
o f  C lyde  an d  a d ja c e n t  i s l a n d s ,  p a r t  o f  A y r s h ir e  and  W ig to w n s h ire ,  
A n g le s e y , t h e  s o u th  o f  I l e y n  p e n in s u l a  and  t h e  s o u th  o f  C a rd ig a n  B a y , 
S t .  D a v id 's  H ead , t h e  Gower P e n i n s u l a ,  t h e  c o a s t  o f  Devon and  C o rn w a ll 
a n d  p a r t  o f  t h e  c o a s t  o f  t h e  s o u th e a s t  S c o t la n d  and  N o r th e a s t  E n g la n d  
and  N o r th e r n  I r e l a n d .
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On t h e  E u ro p e an  c o a s t s , G i g a r t i n a  h a s  h e e n  r e c o r d e d  fro m  th e  
n o r th e r n  c o a s t  o f  Norway t o  as  f a r  s o u th  a s  t h e  A t l a n t i c  c o a s t  o f
M orocco . D e t a i l s  o f  t h e  d i s t r i b u t i o n  o f  G i g a r t i n a  s t e l l a t a  i n  I c e l a n d
was g iv e n  b y  Munda (1 9 7 2 , 1 9 7 6 ) .
M a r s h a l l  e t  a l  (1 9 ^ 9 ) r e l a t e d  t h e  d i s t r i b u t i o n  o f  G i g a r t i n a  
s t e l l a t a  i n  B r i t a i n  t o  many f a c t o r s  su c h  as e x p o s u re  t o  an d  s h e l t e r  
fro m  wave a c t i o n ,  s a l i n i t y  o f  s e a w a te r  and  to p o g ra p h y  o f  t h e  s h o re  
and  s u b s t r a t a .  They a l s o  fo u n d  t h a t  t h e  p l a n t s  grow h e a l t h i l y  i n  
w a te r  t h a t  i s  w e l l  a e r a t e d  a n d  f r e e  o f  mud. They s t a t e d  t h a t  t h e r e  
i s  some e v id e n c e  o f  t h e  t o l e r a n c e  o f  G i g a r t i n a  f o r  sew age p o l l u t i o n  
w i th  h ig h  b a c t e r i a l  a c c o u n t  and  h ig h  p r o p o r t io n  o f  d i s s o l v e d  n i t r o g e n .
Munda (1 9 7 2 , 1976) s t u d i e d  t h e  d i s t r i b u t i o n  o f  G i g a r t i n a  
s t e l l a t a  an d  C hondrus c r i s p u s  i n  t h e  I c e l a n d i c  w a te r s  a n d  fo u n d  t h a t  
2* s t e l l a t a  h a s  a  w id e r  ra n g e  o f  d i s t r i b u t i o n  th a n  2* c r i s p u s . The 
d i s t r i b u t i o n  o f  2» s t e l l a t a  a p p e a r s t o b e  c o n t r o l l e d  b y  te m p e r a tu r e  i n  
t h a t  t h e  s p e c i e s  i s  n o t  p r e s e n t  when t h e r e  i s  a  h i ^  s e a  t e m p e r a t u r e .
2* c r i s p u s  i s c o n t r o l l e d  b y  t h e  lo w e re d  w i n t e r  t e m p e r a tu r e  and  i s
fo u n d  o n ly  i n  t h e  s o u th  an d  s o u th e a s t  o f  I c e l a n d .  The e c o lo g y  o f
G i g a r t i n a  s t e l l a t a  h a s  n o t  b e e n  i n v e s t i g a t e d  e x t e n s i v e l y .  H ow ever, 
B urns (1 9 7 1 ) i n  h i s  P h .D . d i s s e r t a t i o n  made some c o n t r i b u t i o n  t o  t h e  
e c o lo g y  o f  t h e  s p e c i e s .  He fo u n d  t h a t  t h e  s a l i n i t y  i s  t h e  d o m inan t 
f a c t o r  i n f l u e n c i n g  t h e  d i s t r i b u t i o n  o f  0 ,  s t e l l a t a , t h e  p o p u la t io n s  
e x h i b i t i n g  maximum b io m a ss  an d  f r o n d  s i z e  on t h e  o p en  c o a s t ,  w h i l s t  
on e s t u a r i e s  t h e  p o p u la t io n s  show ed r e d u c e d  b io m a s s  a n d  s t u n t e d  
p l a n t s .  Maximum p h o t o s y n t h e s i s / r e s p i r a t i o n  r a t i o s  w e re  r e c o r d e d
i n  k O % i '  a t  20°C . S p o re s  e x h i b i t e d  maximum g e rm in a t io n  i n  30%o a t  
l l ^ C ,  a n d  maximum g ro w th  o f  s p o r e l in g s  was r e c o r d e d  i n  25%o , 30%o, and
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35%o a t  19°C . I n  s tu d y in g  t h e  s e a s o n a l  g ro w th  an d  r e p r o d u c t i o n .
B u m s fo u n d  t h a t  t h e  maximum g ro w th  was r e c o r d e d  i n  s p r i n g  and  
summer an d  t h e  maximum c a r o s p o r e s  r e l e a s e  was r e c o r d e d  b e tw e e n  
O c to b e r  an d  M arch . The a n n u a l  g ro w th  was i n i t i a t e d  b e tw e e n  F e b ru a ry  
and  May an d  t h e  g ro w th  c o in c id e d  w i th  t e m p e r a t u r e ,  w i th  p o p u la t io n s  
r e a c h in g  maximum b io m a ss  i n  A u g u st and  S e p te m b e r .
M a th ie so n  and  B urns (1 9 7 1 ) m e a su re d  t h e  p h o t o s y n t h e s i s  and  
r e s p i r a t i o n  o f  b o th  C hondrus c r i s p u s  and  G i g a r t i n a  s t e l l a t a  u n d e r  a  
v a r i e t y  o f  l i g h t  i n t e n s i t i e s ,  t e m p e r a t u r e ,  s a l i n i t i e s  an d  d e g re e s  o f  
d e s i c c a t i o n .  They fo u n d  t h a t  t h e  a p p a re n t  p h o t o s y n t h e s i s  o f  C. 
c r i s p u s  i s  l i g h t  s a t u r a t e d  a t  a b o u t 1000 f t - C , w h i le  t h a t  o f  G. 
s t e l l a t a  a t  a b o u t 2100 f t - C .  The o p t im a l  t e m p e r a tu r e  f o r  p h o to ­
s y n th e s i s  i n  b o th  s p e c i e s  i s  a b o u t 20^C , b u t  t h e y  h a v e  a  h i ^  
p h o to s y n th e s i s  c a p a c i ty  o v e r  a  w ide  ra n g e  o f  t e m p e r a tu r e .
2* c r i s p u s  show ed i t s  maximum p h o to s y n th e s i s  a n d  minimum 
r e s p i r a t i o n  a t  s a l i n i t y  o f  2U%o w h i le  2* s t e l l a t a  e x h i b i t e d  maximum 
p h o t o s y n th e s i s  a n d  re d u c e d  r e s p i r a t i o n  a t  U0%o, The a p p a re n t  p h o to ­
s y n t h e s i s  an d  r e s p i r a t i o n  o f  2* s t e l l a t a  i s  m ore f l e x i b l e  th a n  t h a t  
o f  2* c r i s p u s  and  a d v e r s e ly  a f f e c t e d  b y  a  h i ^ i  d e g re e  o f  d e h y d r a t io n .  
They a l s o  s t a t e d  t h a t  t h e  l o c a l  ab undance  an d  d i s t r i b u t i o n  o f  b o th  
s p e c i e s  a r e  c o r r e l a t e d  w i th  t h e i r  p h o t o s y n t h e t i c  r e s p o n s e s .  B urns 
and  M a th ie so n  ( 1 9 7 2 a) grew  t h e  c a rp o s p o r e s  o f  G ig a r t i n a  s t e l l a t a  an d  
C hondrus c r i s p u s  u n d e r  v a r i e t y  o f  l i g h t  i n t e n s i t i e s ,  t e m p e r a tu r e  an d  
s a l i n i t i e s  an d  fo u n d  t h a t  t h e  c a rp o s p o r e s  o f  2* c r i s p u s  e x h i b i t e d  a  
r a p i d  i n c r e a s e  i n  g ro w th  c o n c u r r e n t  w i th  i n c r e a s i n g  i n t e n s i t i e s  up- 
t o  f t - C ,  an d  t e n d e d  t o  l e v e l  o f f  above t h i s  i n t e n s i t y .  2* s t e l l a t a
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e x h i b i t e d  a  l e s s  r a p i d  b u t  m ore c o n s ta n t  i n c r e a s e  i n  c e l l  p r o d u c t io n  
c o in c i d e n t  w i th  i n c r e a s i n g  l i ^ t  i n t e n s i t y  th ro u g h  TTO f t - C .  The 
g ro w th  o f  b o th  s p e c i e s  was a c c e l e r a t e d  w i th  i n c r e a s i n g  t e m p e r a tu r e  
t o  19°C . S p o re s  o f  2» c r i s p u s g e rm in a te d  an d  grew  r a p i d l y  o v e r  a  
b r o a d  r a n g e  o f  s a l i n i t i e s  (l5%o -  45%o a t  19^C) 2* s t e l l a t a  e x h i b i t e d  
a  m ore r e s t r i c t e d  t o l e r a n c e  t o  r e d u c e d  s a l i n i t y  (20%o a t  1 9 ^C ).
B u m s an d  M a th ie so n  ( l9 T 2 b )  s t u d i e d  t h e  g ro w th  i n  s i t u  o f  p o p u la t io n s  
o f  G i g a r t i n a  s t e l l a t a  a t  t h r e e  l o c a t i o n s  i n  New H a m p sh ire . The a n n u a l  
g ro w th  o f  t h e  s p e c i e s  b e g a n  b e tw e e n  F e b ru a ry  an d  M ay, p o p u l a t io n  
r e a c h in g  maximum b io m a ss  an d  s i z e  i n  A u g u st and  S e p te m b e r , an d  g e n e r a l  
d e c r e a s e  i n  b io m a ss  an d  s i z e  o c c u r r e d  d u r in g  th e  r e p r o d u c t i v e  p e r i o d  
from  O c to b e r  t o  F e b r u a r y .  F a s t e s t  g ro w th  c o in c id e d  w i th  i n c r e a s i n g
summer t e m p e r a t u r e s ,  w h i le  maximum c a rp o s p o r e  r e l e a s e  o c c u r r e d  d u r in g  
t h e  p e r i o d  o f  c o l d e s t  t e m p e r a t u r e .  The l a r g e s t  p l a n t s  and  maximum 
b io m a ss  w ere  fo u n d  on t h e  open c o a s t  ( a t  a  s e m i-e x p o s e d  s i t e ) ,  w h i le  
s m a l l e r  p l a n t s  an d  r e d u c e d  b io m a ss  w e re  e v id e n t  w i t h i n  t h e  e s tu a r y  
s y s te m . S a l i n i t y  i s  a  d o m in an t f a c t o r  i n f l u e n c i n g  b o th  l o c a l  
d i s t r i b u t i o n  an d  g ro w th  o f  p l a n t s .  2* s t e l l a t a  i s  p r i m a r i l y  r e s t r i c t e d  
t o  t h e  l i t t o r a l  zone  an d  i t s  maximum l e n g t h  an d  b io m a s s  o c c u r  b e tw e e n  
+ 0 ,^5m  an d  + 1 .0  m above  M.L.W. Summer h a r v e s t i n g  a l lo w e d  c o n t r o l  
l e v e l s  o f  b io m a ss  an d  p o p u l a t i o n  s t r u c t u r e  t o  b e  r e a c h e d  a f t e r  one 
y e a r ,  w h i le  w i n t e r  h a r v e s t  a t t a i n e d  c o n t r o l l e d  le v e lP  a f t e r  19 m o n th s . 
D enuded an d  s t e r i l i z e d  q u a d r a t s  r e q u i r e d  m ore t h a n  t h r e e  y e a r s  t o  
e s t a b l i s h  th e m s e lv e s .
P r in c e  (1 9 7 1 ) i n  h i s  P h .D . d i s s e r t a t i o n  s t u d i e d  t h e  e c o lo g y  
o f  C hondrus c r i s p u s  i n  P ly m o u th , M a s s a c h u s e t t s ,  an d  fo u n d  t h a t  t h e  
g ro w th  o f  c a rp o s p o r e s  an d  t e t r a s p o r e s  o f  t h i s  s p e c i e s  w as c o n t r o l l e d
20.
p r i m a r i l y  b y  t e m p e r a t u r e ,  w i th  maximum g ro w th  a t  21°C a n d  no  g ro w th  
a t  G row th r a t e  i n c r e a s e d  d u r in g  s p r i n g  a n d  summer m o n th s .
Maximum g ro w th  o f  0 .3 7  mm/day ( e r e c t  s h o o ts )  o c c u r r e d  d u r in g  A u g u st 
a n d  so  d id  t h e  i n c r e a s e  i n  w e ig h t  o f  p l a n t s .  L ig h t  i n t e n s i t y  o f
0 .35n i W att/cm ^  was n e a r  o p t im a l  a t  21°C . The r e p r o d u c t i v e  l e v e l  o f  
C hondrus p o p u la t io n  i n  s i t u  e x h i b i t i n g  a  s m a l l  p e a k  i n  May an d  l a r g e  
p e a k  i n  O c to b e r  w i th  m inim a i n  A ugust an d  D ecem ber th r o u g h  M arch. 
C o lo n iz a t io n  b y  C hondrus s p o r e s  commenced w i t h in  a  few  days a f t e r  
e x p o s u re  o f  t h e  s u r f a c e .  A p e r i o d  o f  1 0 -1 3  m on ths was r e q u i r e d ,  
h o w e v e r , f o r  t h e  w e a th e r in g  o f  a  cem ent s u r f a c e  b e f o r e  i t  was 
s u i t a b l e  f o r  c o l o n i z a t i o n  b y  C hondrus s p o r e s .
Pybus (1 9 7 7 ) s t u d i e d  t h e  e c o lo g y  o f  G i g a r t i n a  s t e l l a t a  and  
C hondrus c r i s p u s  i n  t h e  n e ig h b o u rh o o d  o f  G alw ay B a y , I r e l a n d ,  Pybus 
made c o l l e c t i o n s  o f  b o th  s p e c i e s  a t  r e g u l a r  i n t e r v a l s  fro m  t h r e e  
l o c a l i t i e s  an d  fo u n d  t h a t  t h e  g ro w th  o f  b o th  s p e c i e s  w as c o n tin u o u s  
th ro u g h o u t  t h e  y e a r  w i th  some s e a s o n a l  v a r i a t i o n  i n  g ro w th  r a t e .
The s ta n d i n g  c ro p  c o u ld  b e  c o r r e l a t e d  w i th  c h a n g es  i n  p l a n t , d e n s i t y .  
W hile  b o th  s p e c i e s  w e re  e p ip h y t i z e d  b y  a  v a r i e t y  o f  o r g a n i s m s , 
p l a n t s  o f  G i g a r t i n a  fro m  t h e  m ost e x p o se d  s h o re  w e re  t h e  c l e a n e s t .
The g r e a t e s t  b io m a ss  e s t i m a t e s  w e re  made on a  p o p u l a t i o n  o f  G i g a r t i n a  
on t h e  e x p o s e d  c o a s t .  The b e s t  g ro w th  o f  b o th  s p e c i e s  o c c u r s  i n  
summer m onths w i th  s l i g h t  r e d u c t i o n  i n  g ro w th  i n  t h e  w i n t e r .
The p u rp o s e  o f  t h e  p r e s e n t  w ork  i s  t h e r e f o r e  t o  s tu d y  some 
a s p e c t s  o f  t h e  b io lo g y  o f  G i g a r t i n a  s t e l l a t a  u s in g  l a b o r a t o r y  m ethods 
a s  w e l l  as f i e l d  o b s e r v a t i o n s .  G. s t e l l a t a  was c h o s e n  b e c a u s e :
21 .
1 . I t  i s  e c o n o m ic a l ly  i m p o r t a n t ,  a n d  y i e l d  a b o u t  h a l f  o f  
i t s  d ry  w e ig h t  a s  c a r r a g e e n a n .
2 . I t  grow s a b u n d a n t ly  i n  t h e  F i r t h  o f  C ly d e  a n d  e s p e c i a l l y
i n  t h e  I s l e  o f  Cumbrae w h ere  d e t a i l e d  s t u d i e s  w ere  m ade.
3. I t  i s  fo u n d  t o  grow  i n  d i f f e r e n t  h a b i t a t  c o n d i t io n s  and
shows some v a r i a t i o n s  i n  m o rp h o lo g ic a l  c h a r a c t e r i s t i c s  
an d  a d a p ta t i o n s  t o  r e d u c e d  s a l i n i t y .
4 .  W h ils t  s t u d i e s  on i t s  b io lo g y  h a v e  b e e n  made i n  r e c e n t
y e a r s  i n  o t h e r  p a r t s  o f  t h e  w o r ld ,  a  com b ined  e x p e r im e n ta l
a n d  e c o l o g i c a l  s tu d y  on t h i s  common se aw e ed  o f  t h e




A. G i g a r t i n a  s t e l l a t a , c o l l e c t i o n ,  t r a n s p o r t a t i o n  a n d  s t o r a g e :
M ost o f  t h e  a l g a l  m a t e r i a l s  u s e d  i n  c u l t u r e  e x p e r im e n ts  and  
o t h e r  l a b o r a t o r y  w ork  w ere  c o l l e c t e d  fro m  D a v y 's  Rock on t h e  I s l e  
o f  Cumbrae ( F ig u r e  2 ) .  P l a n t s  w e re  a l s o  c o l l e c t e d  fro m  A r ro c h a r  
i n  Loch Long an d  from  P o r te n c r o s s  as r e q u i r e d  ( F ig u r e  3 ) .  The 
p l a n t s  w ere  k e p t  damp b u t  n o t  su b m erg ed  i n  p o ly th e n e  b a g s  an d  b r o u g h t  
t o  t h e  l a b o r a t o r y  w i t h in  a  p e r i o d  o f  2 h o u rs  a t  t e m p e r a tu r e  n o t  
e x c e e d in g  1 5 °G an d  s t o r e d  u n d e r  r e f r i g e r a t i o n  (0 -5 ^ C ) u n t i l  u s e d .
I t  was fo u n d  t h a t  v e g e t a t i v e  m a t e r i a l s  c o u ld  b e  s t o r e d  
f o r  s e v e r a l  days w i th o u t  any dam age. F o r  o b t a i n i n g  v i a b l e  s p o r e s ,  
t h e  f e r t i l e  p l a n t s  w i th  p a p i l l a e  w e re  s t o r e d  f o r  n o t  m ore t h a n  2 days 
u n d e r  t h e s e  c o n d i t i o n s .
B.1  D e te rm in a t io n  o f  t i d a l  l e v e l s  :
The t i d a l  l e v e l s  o f  t h e  e x p e r im e n ta l  s i t e s  i n  Cumbrae I s l a n d  
w ere  d e te rm in e d  a s  fo l lo w s  :
On a  c a lm  d a y , t h e  t im e  was n o te d  when t h e  s i t e  was j u s t  b e in g  
subm erg ed  o r  e x p o s e d  b y  t h e  t i d e .  The t i d a l  l e v e l s  a t  e a ch  o f  t h e s e  
t im e s  w e re  t h e n  o b ta in e d  fro m  c o n tin u o u s  r e c o r d s  m a in ta in e d  b y  t h e  
t i d a l  gauge a t  t h e  U n i v e r s i t y 's  M a rin e  B i o l o g i c a l  S t a t i o n  a t  M i l l p o r t .
The t i d a l  l e v e l s  a t  tw o s i t e s  on Cumbrae I s l a n d ,  D a v y 's  Rock 
and  Tomont End ( F ig u r e  2 ) w ere  d e te rm in e d  on one o c c a s io n  a t  D a v y 's  
Rock ( 6 . 4 . 7 8 ) a n d  a t  Tomont End ( 4 .7 * 7 8 ) .
F ig u r e  (4 )  shows t h e  v e r t i c a l  d i s t r i b u t i o n  o f  G i g a r t i n a  
s t e l l a t a  a t  t h e  tw o  s i t e s  on Cumbrae I s l a n d .
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F ig u re  U: Show ing t h e  v e r t i c a l  d i s t r i b u t i o n  o f  S t e l l a t a
in  r e l a t i o n  t o  t i d a l  l e v e l  a t  tw o  s i t e s  i n  
Cumbrae I s l a n d .
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B .2 . M ethod o f  s a m p lin g  s h o re  p o p u l a t i o n s :
S am p lin g  o f  G i g a r t i n a  s t e l l a t a  f o r  a n a l y s i s  o f  m o rp h o lo g ic a l  
c h a r a c t e r s  a n d  o t h e r  l a b o r a t o r y  w ork  was made b y  c o l l e c t i n g  any  p l a n t s  
o f  G i g a r t i n a  p r e s e n t  w i t h i n  a  25 cm s q u a re  q u a d r a t  ran d o m ly  p l a c e d  i n  
t h e  m id d le  r e g io n  o f  t h e  v e r t i c a l  ra n g e  o f  G i g a r t i n a  z o n e . P l a n t s  fro m  
3 q u a d r a t s  ( a b o u t  75 p l a n t s )  w e re  c o l l e c t e d  fro m  e a c h  l o c a l i t y .
B .3 . M ethod o f  c l e a r i n g  s h o re  o f  G i g a r t i n a  an d  o t h e r  a lg a e :
A s t r i p  was c l e a r e d ,  25 cm w id e  and  up t o  4 m i n  l e n g t h ,  
t r a v e r s i n g  t h e  G i g a r t i n a  zone fro m  b e f o r e  As c ophy H u m  nodosum  down 
t o  t h e  L a m in a r ia  z o n e . The s t r i p  was f i r s t  p r e p a r e d  b y  c u t t i n g  
away t h e  l a r g e r  f r o n d .  The a r e a  was t h e n  s c r a p e d  an d  t h e  r e m a in in g  
p l a n t s  w ere  rem oved  b y  a  w i r e  b r u s h .  The s t r i p  was t h e n  b u r n e d  
u s in g  a  b lo w  t o r c h  a n d  f i n a l l y  f o r m a l in  s o l u t i o n  was p o u re d  on t h e  
s t r i p  t o  make s u r e  t h a t  n o th in g  v i a b l e  re m a in e d  i n  t h e  i n t e r s t i c e s  
o f  t h e  r o c k .
S u c c e s s iv e  s t r i p s  w ere  c l e a r e d  a t  d i f f e r e n t  t im e s  o f  t h e  
y e a r  i n  o r d e r  t o  f o l lo w  any  s e a s o n a l  v a r i a b i l i t y  i n  r e c o l o n i z a t i o n ,
B ,4 . R e g e n e ra t io n  s t u d i e s  :
G i g a r t i n a  f ro n d s  w e re  rem oved  i n  s i t u  b y  c u t t i n g  a t  tw o 
l e v e l s . '  I n  t h e  f i r s t ,  f ro n d s  w ere  c u t  a b o u t 2 cm fro m  t h e  b a s a l  c r u s t  
l e a v i n g  o n ly  p a r t  o f  t h e  s t a l k s  t o  r e g e n e r a t e .  O th e r  p l a n t s  w e re  c u t  
a t  a  h i g h e r  p o s i t i o n ,  so  l e a v i n g  p a r t s  o f  t h e  f ro n d s  t o  r e g e n e r a t e .
P l a n t s  i n  tw o 25 cm s q u a re  q u a d r a t s  w e re  c u t  a t  D a v y 's  Rock 
i n  Cumbrae I s l a n d ,
24 .
B .5 .  T r a n s p la n t  e x p e r im e n ts  :
S to n e s  a n d  b o u ld e r s  w i th  a t t a c h e d  p l a n t s  o f  G i g a r t i n a  w ere  
t r a n s p l a n t e d  i n  t h e  f o l l o w in g  w ay:
1 . P l a n t s  fro m  Cumbrae I s l a n d  w ere  t r a n s p l a n t e d  t o  Loch Long and
P o r t e n c r o s s .
2 . P l a n t s  fro m  Loch Long w e re  t r a n s p l a n t e d  t o  Cumbrae I s l a n d  and
P o r t e n c r o s s .
3. P l a n t s  fro m  P o r te n c r o s s  w ere  t r a n s p l a n t e d  t o  Cumbrae I s l a n d  and
Loch Long.
F ig u r e  (5 )  shows t h e  p a t t e r n  o f  t r a n s p l a n t  th r o u g h o u t  t h e  
t h r e e  l o c a l i t i e s .  A t t h e  same t im e  c o n t r o l  e x p e r im e n ts  w e re  c a r r i e d  
o u t  by  t r a n s p l a n t i n g  s to n e s  w i th  p l a n t s  o f  G i g a r t i n a  i n  i t s  own zone 
a t  e a ch  l o c a l i t y .
I n  a l l  c a s e s  5 t h e  s to n e s  w ere  c e m en ted  t o  t h e  r o c k  u s in g  q u ic k  
d r y in g  cem ent m ix ed  w i th  s a n d  ( t h e  r a t i o  o f  cem ent t o  s a n d  was 1 :2 )  p l a t e  ( l )  
A l t h o u ^  c e m e n tin g  s to n e s  does n o t  seem  t o  h a v e  any e f f e c t  on t h e  
g ro w th  o f  p l a n t s , l a r g e  s to n e s  c o u ld  b e  p la c e d  i n  a  p e rm a n e n t new 
p o s i t i o n  w i th o u t  n e e d  o f  c e m e n tin g .
C. A n a ly s is  o f  m o rp h o lo g ic a l  c h a r a c t e r s  :
The m o rp h o lo g ic a l  c h a r a c t e r s  o f  n a t u r a l  p o p u l a t io n s  o f  
G i g a r t i n a  s t e l l a t a  sa m p le d  b y  t h e  m ethod  d e s c r ib e d  b e f o r e  w ere  m ea su red  
and  t h e  d a t a  e x p r e s s e d  b y  means o f  b a r  d ia g ra m s . The c h a r a c t e r s  
m e a su re d  ( F ig u r e  6 ) w ere  :
L O C A L I TI ES  R E C E I V I N G  T R A N S P L A N T
P O R T E N C R O S S C U M B R A E  I S L A N D L O C H  L O N G
P O R T E N C R O S S C U M B R A E  I S L A N D L O C H  L O N G
S O U R C E  OF T R A N S P L A N T
P l a t e  1 :  S h o v in g  th e  m ethod o f  c e m e n tin g  s t o n e s .
F ig u r e  6 ; Show ing p l a n t  o f  G i g a r t i n a  s t e l l a t a  w i th  t h e  
m o r p h o lo g ic a l  c h a r a c t e r s  a n a ly s e d ;
1 = L e n g th  o f  f r o n d ,  2 = w id th  o f  f r o n d ,
3 = t h i c k n e s s  o f  f r o n d ,  4 = l e n g t h  o f  s t a l k ,  
5 = d ia m e te r  o f  s t a l k ,  6 = h a s a l  c r u s t ,
T = num ber o f  e r e c t  f r o n d s  a n d  8 = num ber o f  




1 . The maximum l e n g t h  o f  f r o n d  i n  nnn.
2 . The maximum w id th  o f  f r o n d  i n  mm.
3. The maximum t h i c k n e s s  o f  f r o n d  i n  mm.
The maximum l e n g t h  o f  s t a l k  i n  mm.
5. The maximum d ia m e te r  o f  s t a l k  i n  ram.
6 . The a v e ra g e  a r e a  o f  h a s a l  c r u s t  i n  sq.. mm.
7 . The a v e ra g e  num ber o f  e r e c t  f r o n d  p e r  b a s a l  c r u s t .
8. The a v e ra g e  num ber o f  p a p i l l a e  p e r  s q .  mm.
D. M easurem en t o f  f e r t i l i t y  o f  d i f f e r e n t  p o p u la t io n s  o f  G i g a r t i n a :
F iv e  d i f f e r e n t  s t a g e s  o f  m a t u r i t y  o f  p l a n t s  o f  G i g a r t i n a  can  
b e  d i s t i n g u i s h e d  as f o l lo w s  :
1 . S ta g e  1 . F ro n d s w i th o u t  any  p a p i l l a e .
2 . S ta g e  2 . F ro n d s  w i th  i n i t i a t i o n  o f  p a p i l l a e .
3. S ta g e  3. F ro n d s  w i th  many im m atu re  p a p i l l a e .
U. S ta g e  4 . F ro n d s w i th  some m a tu re  p a p i l l a e .
5. S ta g e  5 ' F ro n d s w i th  a l l  p a p i l l a e  f e r t i l e .
The maximum f e r t i l i t y  was d e te rm in e d  b y  c o u n t in g  t h e  num ber o f  
f ro n d s  w i th  a l l  p a p i l l a e  f e r t i l e  ( s t a g e  5) an d  e x p r e s s in g  t h e  v a lu e  as 
a  p e r c e n ta g e  o f  t h e  t o t a l  num ber o f  f r o n d s .
The f e r t i l i t y  o f  p a p i l l a e  was t e s t e d  b y  t h e i r  a b i l i t y  t o  r e l e a s e  
v i a b l e  s p o r e s  an d  t h e  s p o re s  v i a b i l i t y  was t e s t e d  b y  a l lo w in g  t h e  s p o re s  
t o  g e rm in a te  an d  grow f o r  U8 h o u r s .
The maximum f e r t i l i t y  o f  p l a n t s  fro m  t h e  t h r e e  d i f f e r e n t  
p o p u la t io n s  w as d e te rm in e d  fro m  m o n th ly  c o l l e c t i o n s  o f  p l a n t s  fro m  t h e  
3 l o c a l i t i e s .  T h is  e x p e r im e n t  was i n i t i a t e d  i n  Ju n e  197^ and  t e r m in a t e d  
i n  Novem ber 1977»
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E . l .  M edia  a n d  c u l t u r e  v e s s e l s :
A l l  a lg a e  w ere  c u l t u r e d  in  an e n r i c h e d  s e a w a te r  medium 
recom m ended h y  P r o f e s s o r  A. D. B oney. S e a w a te r  c o l l e c t e d  fro m  th e
F i r t h  o f  C lyde  was a g e d  f o r  a t  l e a s t  tw o  w e e k s , f i l t e r e d  th ro u g h  a
d o u b le  l a y e r  f i l t e r  p a p e r  N o . l  a n d  t h e n  p a s t e u r i z e d  b y  h e a t i n g  i t  
tw ic e  t o  a t  room  t e m p e r a tu r e .  The fo rm u la  o f  t h e  medium i s  as
f o l lo w s  :
To 1& o f  f i l t e r e d  an d  p a s t e u r i z e d  s e a w a te r  w ere  a d d e d :
6 0  ml o f  s o l u t i o n  A , w h ic h  c o n ta in e d :
5 0  ml o f  NaNO^ i n  d i s t i l l e d  w a te r
2  ml o f  e a c h  o f  t h e  f o l l o w in g :
1.1+7 g/& . MnSO^. 1+ H20.
0 .0 0 2 3  g/& . CüSO^. 5 H20.
O.O6 I+ g/& . C0 C I2  6  H20.
0 .2 3  g/& . Na^MoO^. 2 H20.
0 . 0 0 5  g /& . L iC l H20.
1 5  m l o f  s o l u t i o n  B , w h ich  c o n ta in e d :
2 .6  g /& . t e t r a s o d i u m  s a l t  EDTA.
0 .1 2  g/& . Fe 8 0 ^ . 7 H20.
1 . 5  ml o f  s o l u t i o n  C , w h ich  c o n ta in e d :
1 . 5  g /& . Na^ HPO^. 12 H20.
2 ml o f  s o l u t i o n  D, w h ich  c o n ta in e d :
4 . 9 8  g /& . Zn SO^. 7 H20.
E ach  o f  t h e  above s o l u t i o n s  was a u to c la v e d  s e p a r a t e l y  an d  s t o r e d  
i n  a  r e f r i g e r a t o r  u n t i l  u s e d . The a d d i t io n  o f  t h e s e  n u t r i e n t  s o l u t i o n s  
was fo u n d  t o  re d u c e  t h e  s a l i n i t y  o f  s e a w a te r  so  t h e  f i n a l  s a l i n i t y  o f  
t h e  medium was ~ 32%o
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I n  m ost c u l t u r e  e x p e r im e n t s , w h o le  f r o n d s  as w e l l  as s p o r e l i n g  
a t t a c h e d  t o  g l a s s  s l i d e s  w ere  c u l t u r e d  i n  r e c t a n g u l a r  g l a s s  t a n k s  w h ich  
m e a su re d  l8 0  x  250 x  I 7 0  mm an d  h a d  a  c a p a c i ty  o f  a b o u t  5 l i t r e s .  The 
ta n k s  w ere  c o v e re d  w i th  g l a s s  p l a t e s .
E .2 .  Co n t r o l  o f  c o n ta m in a t io n  :
I n  t h e  c u l t u r e s  o f  v e g e t a t i v e  f ro n d s  o f  G i g a r t i n a  c o n ta m in a t io n  
i s  n o t  s o  s e r i o u s  a  p ro b le m  as  w i th  c u l t u r e s  o f  s p o r e s  an d  g e rm l in g s .  
H ow ever, c o n ta m in a t io n  was s u c c e s s f u l l y  c o n t r o l l e d  b y  :
1 . U s in g  t h e  c a r e f u l l y  w ash ed  p a p i l l a e  i n s t e a d  o f  u s in g  
p a r t s  o f  t h e  f e r t i l e  f r o n d s .
2 . C h an g in g  t h e  medium tw ic e  a w e e k , e s p e c i a l l y  i n  t h e  
e a r l y  s t a g e s  o f  g ro w th .
3 . U s in g  an a n t i b i o t i c  m ix tu re  c o n s i s t i n g  o f  200 pg/& 
S tre p to m y c in  an d  8 OO y g /£  p e n i c i l l i n  ( l6 2 5  u n i t s / m g ) .
U. U s in g  Germ anium  d io x id e  a t  a  c o n c e n t r a t i o n  o f  5 m g /^ . 
t o  c o n t r o l  d ia to m  g ro w th .
E .3  I l l u m i n a t i o n  :
' The c u l t u r e s  w e re  i l l u m i n a t e d  fro m  above w i th  tw o  s i x  f e e t  
A t la s  D a y l i ^ t  8 5  W a tt f l u o r e s c e n t  tu b e s  a t  a  d i s t a n c e  o f  230 mm.
The g l a s s  s h e lv e s  upon w h ic h  t h e  c u l t u r e  v e s s e l s  w ere  p l a c e d  w ere  
c o v e re d  w i th  opaque  c o n s t r u c t i o n  p a p e r  t o  e l i m i n a t e  i l l u m i n a t i o n  from  
t h e  tu b e s  o v e r  t h e  s h e l f  b e lo w . Two tu b e s  g iv e  an i l l u m i n a t i o n  o f  
2 UOO l u x .  The i l l u m i n a t i o n  was m e a su re d  w i th  an EEL p o r t a b l e  p h o to ­
e l e c t r i c  p h o to m e te r  s e r i a l  N o .1 1 3 2 . The t u b e s  c h a n g e d  w h e n e v e r n e c e s s a iy  
t o  k e e p  t h e  i l l u m i n a t i o n  a t  2U00 l u x .  The d a y le n g th  w as 12 h o u r s .
28,
E.U A e r a t io n  and
I n  m ost c u l t u r e  e x p e r im e n t s ,  t h e  c u l t u r e  v e s s e l s  w ere  a e r a t e d  
b y  b u b b l in g  c o m p re sse d  a i r  c o n t in u o u s ly  th ro u g h  t h e  c u l t u r e  medium.
The a i r  was c le a n e d  an d  h u m if ie d  b y  p a s s i n g  t h e  t u b e s  th r o u g h  a  f l a s k  
c o n ta in in g  t a p  w a t e r .
A l l  c u l t u r e  e x p e r im e n ts  w ere  ru n  a t  lO^C + 2°C i n  a  th e rm o ­
s t a t i c a l l y  c o n t r o l l e d  c u l t u r e  c a b in e t .
E .1 C u l tu r e  o f  v e g e t a t i v e  f ro n d s  :
A bout 2 cm lo n g  f ro n d s  o f  G i g a r t i n a  w ere  c le a n e d  b y  rem o v in g  
t h e  e p ip h y te s  a n d  e p iz o a  an d  w ash ed  s e v e r a l  t im e s  i n  c o ld  s e a w a te r .
10 h e a l t h y  f ro n d s  w ere  p l a c e d  i n  a  c u l t u r e  t a n k  c o n ta in in g  
9&. o f  s e a w a te r  medium. The medium was ch a n g ed  e v e ry  10 d a y s . The 
t a n k  was a e r a t e d  an d  e v a p o r a t io n  was k e p t  t o  a  minimum by  c o v e r in g  
w i th  a  g l a s s  p l a t e .
F . 2 M easurem en t o f  g ro w th  o f  v e g e t a t i v e  f ro n d s  :
The g ro w th  o f  v e g e t a t i v e  f ro n d s  was m e a su re d  b y  tw o m ethods :
a  -  I n c r e a s e  i n  s u r f a c e  a r e a :
The v e g e t a t i v e  f ro n d s  w e re  rem oved  from  t h e  c u l t u r e  
t a n k  and  q u ic k ly  a r r a n g e d  on a  g l a s s  s h e e t .  The p l a n t s  w e re  t h e n  g e n t ly  
c o v e re d  w i th  a  s h e e t  o f  c le a n  g l a s s  p l a t e  and  p h o to c o p ie d .  The p l a n t s
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w ere  t h e n  r e t u r n e d  im m e d ia te ly  t o  t h e i r  c u l t u r e  t a n k .  The a r e a  o f  
t h e  p l a n t s  was t h e n  m e a su re d  u s in g  a  p l a n i m e t e r ,  e a c h  m easu rem en t 
b e in g  made t h r e e  t im e s  an d  t h e  a r e a  c a l c u l a t e d  a s  t h e  mean v a lu e .
b  -  I n c r e a s e  i n  f r e s h  w e i g h t :
The f r e s h  w e ig h t  o f  e a ch  v e g e t a t i v e  f r o n d  was 
t a k e n  a t  t h e  b e g in n in g  o f  t h e  e x p e r im e n t  and  th e n  m e a su re d  w e e k ly .
The i n c r e a s e  i n  f r e s h  w e ig h t  was e x p r e s s e d  on a  r e l a t i v e  b a s i s  as 
f o l lo w s  :
l a t e s t  w e i ^ t  -  i n i t i a l  w e ig h t  ^  3_qq 
i n i t i a l  w e ig h t
F . 3 C u l tu r e  o f s p o r e s  an d  sp o r e l i n g s :
S p o re s  o f  G ig a r t i n a  w e re  o b t a in e d  fro m  f e r t i l e  p a p i l l a e  c u t  
fro m  m a tu re  p l a n t s  f r e s h l y  c o l l e c t e d  fro m  t h e  s h o r e .  P a p i l l a e  w ere  
w ash ed  s e v e r a l  t im e s  i n  s t e r i l e  s e a w a te r  an d  t h e n  l a i d  on g l a s s  s l i d e s  
g ro u n d  a t  one s id e  an d  i n c u b a te d  a t  2^00 l u x  a t  10°C f o r  2 k  h o u rs  
i n  s m a l l  s q u a re  p e t r i - d i s h e s  c o n ta i n in g  s t e r i l e  s e a w a te r .
S p o re s  fro m  w ash ed  p a p i l l a e  r a t h e r  t h a n  fro m  t h e  w h o le  p l a n t s  
o r  p a r t  o f  t h e  f e r t i l e  f r o n d s , e f f e c t i v e l y  r e d u c e d  t h e  c o n ta m in a t io n .
The c u l t u r e s  w e re  t h i n n e d  b y  b r u s h in g  t h e  s p o r e l i n g s  g e n t l y  w i th  a  f i n e  
b r u s h  i n  o r d e r  t o  a v o id  o v e rc ro w d in g . The s p o r e l i n g s  a t t a c h e d  t o  t h e  
g l a s s  s l i d e s  w e re  t h e n  p l a c e d  i n  l a r g e r  c u l t u r e  t a n k s  c o n ta i n in g  5^ o f  
s e a w a te r  m edium. The medium  was c h a n g ed  a t  f i r s t  tw ic e  a  week and  l a t e r  
e v e ry  w eek .
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F . 4 M easurem ent o f  g ro w th  o f  s p o r e l i n g s :
G row th o f  s p o r e l in g s  was m e a su re d  by  t h e  i n c r e a s e  i n  d ia m e te r  
o f  d i s c - l i k e  s p o r e l i n g s .  The mean v a lu e s  o f  maximum a n d  minimum 
d ia m e te r  w ere  o b ta in e d .  The mean d ia m e te r  o f  50 s p o r e l in g s  s e l e c t e d  
a t  random  w ere  m e a su re d  fro m  5 d i f f e r e n t  m ic r o s c o p ic  f i e l d  o f  ea ch  
s l i  d e .
G. T id a l  s im u l a t o r  :
The a p p a r a tu s  e n p lo y e d  i n  t h i s  s tu d y  t o  s im u la t e  a  t i d a l  c y c le  
i s  shown i n  F ig u r e  (T) an d  i s  b a s e d  on t h e  s y s te m  d e s c r i b e d  b y  Tow nsend 
and  Lawson (19T 2) , (H ruby 19TT)* A r a c k  w h ich  c o u ld  b e  lo w e re d  and  
r a i s e d  on a  12 h o u r  s i n u s o i d a l  c y c le  w i t h in  a g l a s s  t a n k  c o n ta in in g  
5 l i t r e s  o f  s e a w a te r .  One d r i v i n g  m o to r , a  C ro u z e t ty p e  8 2 - 3 UH 
( l  R e v ./1 2  h r s )  w as u s e d  t o  p ow er tw o r a c k s ,  e a c h  one a c t i n g  as t h e  
c o u n te r w e ig h t  t o  t h e  o t h e r .  S p o r e l in g s  o f  G i g a r t i n a  w e re  c u l t u r e d  on 
a- g l a s s  p l a t e  39 x  157 nnn a n d  g ro u n d  on one s i d e .  The v e g e t a t i v e  
f ro n d s  o f  G i g a r t i n a  w ere  m oun ted  on l6 0  x  230 mm p l a t e s  o f  6 .5  nm 
t h i c k  c l e a r  p e r s p e x  in  w h ich  a  5 x  5 a r r a y  o f  h o l e s  a b o u t  4 mm i n  
d ia m e te r  w ere  d r i l l e d .
The t im e  d u r in g  w h ich  e a c h  l e v e l  was su b m erg ed  p e r  c y c le  was 
c a l c u l a t e d  u s in g  t h e  f o l lo w in g  a lg o r i th m :
T = 12  X ( .2 (D /M )- . l
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w here  T i s  t h e  t im e  su b m e rg e d , M i s  t h e  maximum d i s t a n c e  on t h e  s l i d e s  
o r  t h e  p l a t e s  b e tw e e n  t h e  lo w e s t  l e v e l  w h ich  was su b m erg ed  and  D i s  
th e  d i s t a n c e  b e tw e e n  t h e  lo w e s t  l e v e l  o f  e m e rs io n  an d  t h e  l e v e l  on 
w h ich  t h e  p l a n t s  w ere  m e a su re d .
F ig u re  T:
A. d ia g ra m  o f  t i d a l  s im u l a t o r  show ing  p la c e m e n t  o f  
c u l t u r e  t a n k  ( T ) ,  s u p p o r t i n g  r a c k s  (R) a n d  m o to r  
(M) 5 a  c r o u z e t  ty p e  8 2 -3 ^ ^  ( l  r e v . / l 2  h o u r s ) .
The d i s t a n c e  b e tw e e n  t h e  maximum an d  minimum 
e l e v a t i o n  on a  c y c le  was a d ju s t e d  by  a  m ovable  
b o l t  h e ld  i n  s l o t s  ( s ) .
B. p h o to g ra p h  sh o w in g  t h e  s u p p o r t i n g  r a c k  h o ld in g  
3 (39 X 15T mm) g l a s s  p l a t e s  (P ) o r  one
( l 6 0  X 230 mm an d  6 .5  mm t h i c k )  c l e a r  p e r s p e x  
m o u n tin g  p l a t e  (MP).
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H. 1 E x t r a c t i o n  o f  C a rra g e e n a n  an d  m easu rem en t o f  q u a n t i t y  :
The f r e s h l y  c o l l e c t e d  G igar t i n a  was c le a n e d  b y  rem o v in g  th e  
e p ip h y te s  and  e p iz o a .  The p l a n t s  w ere  im m ersed  v e r y  q u ic k ly  i n  
d i s t i l l e d  w a te r  t o  rem ove e x c e s s  o f  s a l t .  The w a sh ed  p l a n t s  w ere  
d r i e d  i n  an oven  a t  80°C -  9 0 ^C u n t i l  c o n s ta n t  w e ig h t  was o b t a in e d .
The m ethod  e n p lo y e d  i n  e x t r a c t i n g  t h e  c a r r a g e e n a n  i s  b a s e d  on th e  
m ethod  d e s c r ib e d  b y  B la c k ,  B la k e m o re , C olquhoun an d  Dewar ( 1 9 6 5 ) 
w i th  some m o d i f i c a t i o n s .
5g o f  t h e  d r i e d  m i l l e d  seaw eed  was s t i r r e d  w i th  0.2%  sod ium  
c h l o r i d e  s o l u t i o n  (200  m l) a t  pH 7*0 f o r  15 m in u te s  a t  room  t e m p e r a t u r e ,  
c e n t r i f u g e d  an d  t h e  s u p e r n a t a n t  d i s c a r d e d .  The r e s i d u e  was t h e n  
e x t r a c t e d  w i th  0.2%  so d iu m  c h l o r i d e  s o l u t i o n  ( 5 0 0  m l) a t  9 0 ^C f o r  
5 h o u rs  w i th  r a p i d  s t i r r i n g ,  t h e n  c e n t r i f u g e d  and  t h e  e x t r a c t  was 
d i a l y s e d  a g a in s t  0 .1  m sod ium  c h l o r i d e  t o  rem ove io n s  o t h e r  th a n  
sod ium  i o n s .  The pH was a d j u s t e d  t o  7*0 w i th  so d iu m  h y d ro x id e  
s o l u t i o n  and  s o l i d  p o ta s s iu m  c h lo r i d e  ad d ed  s lo w ly  w i th  s t i r r i n g  t o  
a  c o n c e n t r a t i o n  o f  0 .2 5  m. The b u lk y  t h i n  g e l  was t h e n  c e n t r i f u g e d ,  
d i s s o l v e d  b y  d i a l y s i s  a g a i n s t  0 .1  m so d iu m  c h lo r i d e  a n d  r e p r e c i p i t a t e d  
by  t h e  a d d i t i o n  o f  p o ta s s iu m  c h lo r i d e  t o  a  c o n c e n t r a t i o n  o f  0 .2 5  m.
The r e s u l t i n g  t h i c k  g e l  was a g a in  s e p a r a te d  b y  c e n t r i f u g a t i o n ,  d i l u t e d  
t o  30 0 -4 0 0  ml an d  t h e  s u s p e n s io n  h e a t e d  t o  90^0  a n d  s o l i d  sod ium  
c h lo r i d e  a d d e d  t o  a  c o n c e n t r a t i o n  o f  0 ,5  m. The s o l u t i o n  was 
d i a l y s e d  a g a i n s t  O . 5  m so d iu m  c h l o r i d e  w i th  r a p i d  s t i r r i n g  t o  rem ove 
p o ta s s iu m  io n s  an d  t h e n  a g a i n s t  w a te r .  The v i s c o u s  s o l u t i o n  was 
c e n t r i f u g e d  an d  a d d e d  w i th  s t i r r i n g  t o  t h r e e  vo lum es e t h a n o l .  The 
p r e c i p i t a t e d  c a r r a g e e n a n  w as w ash ed  w ith  80% e t h a n o l ,  a b s o lu t e  
e th a n o l  an d  e t h e r  and  a i r  d r i e d  a t  50°C.
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The c a r r a g e e n a n  c o n te n t  was d e te r m in e d  a s  d r i e d  m a t e r i a l  a n d  
e x p r e s s e d  a s  a  p e r c e n ta g e  o f  d ry  w e ig h t  o f  seaw eed  u s e d .
H.2 .  M easurem en t o f  g e l  s t r e n g t h  :
The a p p a r a tu s  em p lo y ed  i n  t h i s  s tu d y  i s  shown i n  F ig u r e  ( 8 ) ,  
an d  i s  b a s e d  on t h e  a p p a r a tu s  d e s c r i b e d  b y  G o r in g  (1 9 5 6 b ) . The 
a p p a r a tu s  c o n s i s t s  o f  tw o  p a r t s ;  a  400 g b a la n c e  an d  an e l e c t r i c  m o to r  
w i th  s p e e d s  o f  0 .3 6  m m /sec , 0 .8 8  , , / s e c . ,  1.4-5 m m /s e c . ,  an d  2 .2 1  
m m /sec.
As shown i n  t h e  f i g u r e ,  t h e  m o to r  d r iv e n  p lu n g e r  (0.8mm 
d ia m e te r )  d e p r e s s e s  t h e  g e l  w h ic h  r e s t s  on t h e  p an  o f  t h e  b a l a n c e .
As t h e  p o i n t e r  o f  t h e  b a la n c e  m o v es, i t  moves an i n d i c a t o r  n e e d le  
m oun ted  on a  s p e c i a l  s c a l e .  A t t h e  p o in t  o f  r u p t u r e ,  t h e  p lu n g e r  
p e n e t r a t e s  t h e  g e l  an d  t h e  p o i n t e r  moves t o  i t s  maximum. The m o to r  
was s to p p e d  an d  t h e  r e a d in g  was ta k e n  as  g e l  s t r e n g t h  i n  g ram s.
I . M easurem ent o f  p h o t o s y n t h e s i s  :
The p h o t o s y n t h e s i s  r a t e  o f  p l a n t s  o f  G ig a r t i n a  was m e a su re d  
b y  d e te r m in in g  t h e  r a t e  o f  oxygen  e v o lu t io n .
A bout 12 h o u r s  b e f o r e  t h e  d e te r m in a t io n  a  s to p p e r e d  10£ 
c a p a c i ty  g l a s s  b o t t l e  e q u ip p e d  w i th  a  t a p  n e a r  t h e  b o t to m  was f i l l e d  
w i th  s e a w a te r  an d  p a r t i a l l y  d e o x y g e n a te d  b y  b u b b l in g  n i t r o g e n  th r o u g h  t h e  
s e a w a te r  f o r  30 s e c o n d s .  The b o t t l e  was t h e n  p l a c e d  i n  t h e  12°C c u l t u r e  
c a b in e t  an d  a l lo w e d  t o  e q u i l i b r a t e  t o  t h i s  t e m p e r a t u r e .  Then a  s e r i e s
'À
Figure 8: Showing th e  gelom eter, which c o n s is t s  o f  a balance
(B) and e le c t r ic  motor (M) . The p lunger (P) 
depresses th e  g e l (G) which r e s t s  on th e  pan o f  
the balance (PB),  and moves an in d ic a to r  need le  
(N) mounted on c a lib r a te d  s c a le  ( S ) .
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o f  2 7 5  nil g l a s s  b o t t l e s  e q u ip p e d  w i th  g ro u n d e d  g l a s s  s to p p e r s  w ere  
c a r e f u l l y  f i l l e d  fro m  t h e  l a r g e  b o t t l e  v i a  a  s h o r t  l e n g t h  o f  p l a s t i c  
t u b i n g  c o n n e c te d  t o  t h e  t a p .  C are  was ta k e n  t o  a v o id  t u r b u l e n c e  
an d  an e x c e s s  o f  s e a w a te r  was a llo w e d  t o  o v e r f lo w  fro m  e a c h  b o t t l e  
t o  e n s u re  t h a t  t h e  s e a w a te r  i n s i d e  was hom ogenous i n  o xygen  
c o n c e n t r a t i o n .  The f i r s t  and  l a s t  b o t t l e s  f i l l e d  w e re  u s e d  as 
c o n t r o l s  t o  d e te rm in e  t h e  i n i t i a l  oxygen  c o n c e n t r a t i o n  o f  t h e  s e a w a te r .
One p l a n t  sa m p le  w as in t r o d u c e d  i n t o  e a c h  o f  t h e  r e m a in in g  
b o t t l e s .  E ach  p l a n t  was f a s t e n e d  t o  a  t h r e a d  p a s s i n g  t h r o u ^  t h e  
g ro u n d  g l a s s  c o n n e c t io n  b e tw e e n  t h e  b o t t l e  n e c k  an d  t h e  s t o p p e r ,  t h i s  
was fo u n d  n o t  t o  c a u s e  any le a k a g e  o r  a l lo w  i n t a k e  o f  a i r  i n t o  t h e  
b o t t l e  d u r in g  i n c u b a t i o n .  The b o t t l e s  w ere  t h e n  in c u b a te d  i n  t h e
l i g h t  f o r  tw o  h o u r s .  They w e re  i l l u m i n a t e d  fro m  above  b y  2 s i x - f o o t
A t la s  D a y l ig h t  8 5  W a tt f l u o r e s c e n t  t u b e s .  Im m e d ia te ly  a f t e r  
i n c u b a t i o n ,  t h e  a l g a l  sa m p le s  w e re  w ith d ra w n  an d  t h e  oxygen
c o n c e n t r a t i o n  o f  t h e  s e a w a te r  i n  e a ch  b o t t l e  was d e te r m in e d  b y  W in k le r 's
m eth o d  a s  d e s c r i b e d  b y  S t r i c k l a n d  and  P a r s o n s  ( 1 9 6 8 ) .
The oxygen  c o n c e n t r a t i o n  fo u n d  i n  t h e  c o n t r o l  b o t t l e s  was 
s u b t r a c t e d  fro m  t h a t  fo u n d  i n  e a c h  sam p le  b o t t l e  t o  o b t a i n  t h e  n e t  
ch ange  due t o  com b ined  p h o t o s y n th e s i s  an d  r e s p i r a t i o n  o f  t h e  a l g a l  
s a m p le . N e t p h o t o s y n t h e s i s  r a t e  i n  y m o les  f r e s h  w e ig h t /h o u r
was c a l c u l a t e d  a s  f o l lo w s  :
( n e t  ch an g e  i n  O2  c o n c e n t r a t io n )  ( b o t t l e  vo lum e i n )
_ . ;■ i n  y m o le s / l i t r e __________________ l i t r e ________
( p l a n t  w e ig h t  i n  gram ) ( l e n g t h  o f  i n c u b a t io n  p e r i o d )
i n  h o u r
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J .  W ate r l o s s  fro m  G i g a r t i n a  p l a n t s  :
A f t e r  t h e  w et w e ig h t  was d e te r m in e d ,  t h e  p l a n t s  w e re  d r i e d  
s im u l ta n e o u s ly  a n d  re w e ig h e d  a f t e r  i n t e r v a l s  o f  t im e s .
The p l a n t s  w e re  s u s p e n d e d  b y  a  t h r e a d  o r  p a p e r  c l i p  d u r in g  
d r y in g  so  t h a t  a l l  s u r f a c e s  o f  t h e  p l a n t  w ere  e q u a l l y  e x p o se d  t o  t h e  
a i r .  A lso  p l a n t s  w e re  d r i e d  i n  a  d e s i c c a t o r  c o n ta i n in g  s i l i c a  g e l  
f o r  c o m p a r is o n .
A l l  w e ig h ts  w e re  t a k e n  t o  t h e  n e a r e s t  0 .1  mg on a  M e t t l e r  
ty p e  H6 s i n g l e  p a n  b a k a n c e .
K. R a te  o f  l o s s  o f  h a l i d e  io n s  ;
The m eth o d  em p loyed  i n  t h i s  s tu d y  was d e s c r i b e d  b y  G e s s n e r  an d  
Hammer (1 9 6 8 ). I n  t h i s  m e th o d , t h e  r a t e  o f  l o s s  o f  c h l o r i d e  io n s  was 
d e te rm in e d  b y  means o f  t i t r a t i o n  a g a in s t  0 .0 1  N Ag NO^ u s in g  p o ta s s iu m  
c h ro m â te (K^. Or Oj^) a t  c o n c e n t r a t i o n  o f  3 .5  as  i n d i c a t o r .
O nly  c o m p le te  and  h e a l t h y  f ro n d s  o f  G i g a r t i n a  w ere  u s e d  t o  
t e s t  t h e  r a t e  o f  l o s s  o f  c h l o r i d e  io n s  a f t e r  v a r io u s  t im e  i n t e r v a l s .  
E ach  c o m p le te  t e s t  u s u a l l y  l a s t e d  o n ly  a  few  m in u te s  i n  o r d e r  t o  a v o id  
s e c o n d a ry  damage b y  t h e  d i s t i l l e d  w a te r .
35.
CHAPTER 3 .
LOCALITIES AND HABITAT CONDITIONS
The d e g re e  o f  e x p o s u re  t o  wave a c t i o n  i s  a  f a c t o r  o f  p rim e  
im p o r ta n c e  i n  t h e  i n t e r t i d a l  h a b i t a t s .  As r e p o r t e d  b y  B a l l a n t i n e  
( 1 9 6 1 ) t h e  d e g re e  o f  e x p o s u re  i s  c o n t r o l l e d  b y  many f a c t o r s  su c h  a s  
s p e e d  o f  w in d , i t s  d u r a t i o n  an d  t h e  d i s t a n c e  o f  open  w a te r  o v e r  w h ich  
i t  c a n  b lo w . W aves a r e  o f t e n  r e f r a c t e d  and  t h e i r  fo rm  a l t e r e d  a s  
th e y  a p p ro a c h  a  s h o r e ,  an d  t h e  d i s t r i b u t i o n  o f  t h e i r  e n e rg y  on t h e  
s h o re  i t s e l f  i s  g o v e rn e d  l a r g e l y  b y  t h e  s lo p e  an d  d e t a i l e d  c o n f i g u r a t i o n  
o f  t h e  r o c k .  T h ese  f a c t o r s  hav e  t o  b e  known i f  t h e  d im e n s io n s  o f  t h e  
w aves a r e  t o  b e  c a l c u l a t e d .
A c c o rd in g  t o  B a l l a n t i n e  ( 1 9 6 1 ) c o n t in u o u s ly  r e c o r d in g  in s t r u m e n ts  
p la c e d  b e lo w  w a te r  c a n  m easu re  t h e  h e ig h t  o f  t h e  w aves p a s s i n g  o v e r  
them . Such in s t r u m e n ts  a r e  e x p e n s iv e  h o w e v e r , d i f f i c u l t  t o  i n s t a l  
and  t o  m a in ta in  an d  m ust b e  ru n  f o r  lo n g  p e r io d s  t o  p r o v id e  u s e f u l  
in f o r m a t io n .
J o n e s  an d  D e m e tro p o u lo s  ( 1 9 6 8 ) d e s c r ib e d  an in s t r u m e n t  w h ich  
m e a su re s  t h e  dynam ic p r e s s u r e  p ro d u c e d  b y  w a v e s . T hey  s t a t e d  t h a t  
t h i s  dynam om eter n o t  o n ly  g iv e s  a  s im p le  m ethod  o f  c o m p a rin g  t h e  
i n t e n s i t y  o f  wave a c t i o n  on d i f f e r e n t  s h o r e s , b u t  i t  i s  a l s o  e a s i l y  
and  c h e a p ly  c o n s t r u c t e d .  The r e s u l t s  o b t a in e d  d i d  show t h a t  
r e l a t i v e l y  s m a l l  c h a n g es  i n  wave f o r c e  r e s u l t e d  i n  m ark ed  ch a n g es  
i n  s p e c i e s  d i s t r i b u t i o n s .
B a l l a n t i n e  ( I 9 6 1 ) an d  L ew is (1 964 ) s u g g e s te d  b i o l o g i c a l  
m easu rem en ts  o f  t h e  s t a t u s  o f  e x p o s u re  t o  an d  s h e l t e r  fro m  wave 
a c t i o n .  They s t a t e d  t h a t  some s p e c i e s  o c c u r r in g  on ro c k y  s h o re s
P l a t e  2 : Shows th e  h a b i t a t  c o n d i t io n  a t  Cumbrae I s l a n d ,
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h a v e  p o s i t i v e  c o r r e l a t i o n  w i th  e x p o s u re  an d  a b u n d a n t o n ly  i n  wave 
b e a te n  p l a c e s .  O th e rs  common i n  s h e l t e r e d  s h o r e s  o r  h a v e  
n e g a t iv e  c o r r e l a t i o n  w i th  e x p o s u re .  F o r  e x a m p le : A l a r i a  e s c u l é n t a
( L . ) G r e v . , F o rp h y ra  u m b i l i c a l i s  ( L . ) J .  Ag. a n d  L i t t b r i n a  n e r i t o i d e s  
(L . ) J e f f r e y s  a r e  common i n  e x p o se d  s h o re s  an d  A sc o p h y llu m  nodosum  (L . ) 
Le J o l . 5 L a m in a r ia  s a c c h a r in a  ( L . ) Lam our. and  L i t t o r i n a  L i t t o r e a  ( L . ) 
J e f f r e y s  a r e  common i n  s h e l t e r e d  s h o r e s .
P o p u la t io n s  o f  G i g a r t i n a  s t e l l a t a  w ere  a n a ly s e d  fro m  t h r e e  
d i f f e r e n t  l o c a l i t i e s  i n  t h e  C lyde s e a  a r e a  £ P i g . 3 p a g e  ( 24)  ] ,  Cumbrae 
I s l a n d ,  Loch Long an d  P o r t e n c r o s s .
1 . Cumbrae I s l a n d :
As shown i n  F i g . ( 2 ) p a g e  ( 2 2 ) ,  Cumbrae i s  a  ro c k y  i s l a n d  o f  a b o u t 
1 6  km c i r c u m f e r e n c e .  A c c o rd in g  t o  B a s s e t t  ( 1 9 5 8 ) ,  Cumbrae i s  com posed 
o f  U pper O ld  Red S a n d s to n e  c o n g lo m e ra te s  an d  s a n d s to n e s  o v e r l a i n  
b y  m ixed  s e d im e n ts  w h ic h  a r e  p r o b a b ly  o f  C a lc i f e r o u s  S a n d s to n e  a g e .
The ro c k s  a r e  f o ld e d  i n t o  a  s h a l lo w  p i t c h i n g  s y n c l i n e  o c c u p y in g  t h e  
a r e a  w e s t  o f  G re a t  Cumbrae F a u l t  an d  a  p i t c h i n g  a n t i c l y n e  o c c u p y in g  
t h e  n a rro w  t r a c t  t o  t h e  e a s t  o f  t h e  f r a c t u r e .  The s e d im e n ts  a r e  c u t  
by  an e x c e p t i o n a l l y  l a r g e  num ber o f  dykes w h ich  a r e  i n  g e n e r a l  e a s i l y  
a c c e s s i b l e  an d  w e l l  e x p o se d  a ro u n d  t h e  c o a s t  o f  t h e  i s l a n d .
S in c e  t h e  p r e v a i l i n g  w in d  on t h e  w e s t  c o a s t  o f  S c o t la n d  i s  s o u th ­
w e s t ,  t h e  i s l a n d  i s  n o t  f r e q u e n t l y  e x p o se d  t o  h e a v y  s e a s  (G ibb  1 9 3 9 ) . 
T h is  f e a t u r e  an d  t h e  f a i r l y  g e n t l e  s lo p e  te n d s  t o  r e d u c e  t h e  s p la s h  
zone above h i ^  w a te r  m ark . H ow ever, t h e  d e g re e  o f  e x p o s u re  t o  
and  s h e l t e r  fro m  wave a c t i o n  v a r i e s  from  p la c e  t o  p l a c e  on t h e  i s l a n d .  
F o r  e x a m p le , t h e  n o r th  s i d e  o f  t h e  i s l a n d  a t  Tomont End i s  m ore e x p o se d  
t o  wave a c t i o n  th a n  t h e  s o u th e r n  s i d e  i . e .  K e p p e l P o i n t .  On th e
P l a t e  3:- Shows th e  h a b i t a t  c o n d i t io n s  a t  Loch Long.
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w e s te r n  s i d e  o f  t h e  i s l a n d  a t  D a v y 's  Rock t h e  s h o r e  i s  s e m i-e x p o s e d  
t o  wave a c t i o n .
E x c e p t f o r  a  few  sa n d y  b a y s  , t h e  s h o re  i s  m a in ly  ro c k y  an d  i s  
c o lo n i s e d  r i c h l y  b y  G i g a r t i n a  s t e l l a t a  w h ich  fo rm  a  w id e  b a n d  above 
t h e  L a m in a r ia  zo n e  a n d  e x te n d s  up t o  A sco p h y llu m  nodosum  ( p l a t e  2 . ) .
2 . Loch L o n g :
Loch Long l i e s  on t h e  n o r th e r n  s id e  o f  t h e  C ly d e  s e a  a r e a .
The s h o re  i s  m o s t ly  s t e e p  an d  f a i r l y  s h e l t e r e d .  I t  show s a  t y p i c a l  
f u c o id  d o m in a t io n ,  a l s o  L i t t o r i n a  l i t t o r e a  i s  a b u n d a n t .  P l a n t s  o f  
G i g a r t i n a  s t e l l a t a  a r e  fo u n d  g ro w in g  on s m a l l  s c a t t e r e d  ig n e o u s  
s to n e s  ( s e e  p l a t e  3 )  b e lo w  t h e  A sco p h y llu m  b a n d . N e a r  t h e  h e a d  o f  
Loch L o n g , e s p e c i a l l y  on t h e  w e s t  s i d e  a t  A r r o c h a r ,  G i g a r t i n a  i s  much 
r i c h e r  b u t  a p p e a r s  a s  a  d w a rf  fo rm , a l r e a d y  d e s c r i b e d  b y  M a r s h a l l  e t  a l , 
( 1 9 4 9 ) w h e re  f r e s h  w a te r  e n t e r s  t o  t h e  l o c h .  Even i f  t h e  f r e s h w a te r  
i s  o n ly  a  t r i c k l e  o v e r  t h e  s to n e s  t h e  A sco p h y llu m  d i e s  o u t  and  
G i g a r t i n a  becom es d o m in a n t. A t low  t i d e  p l a n t s  o f  G i g a r t i n a  a t  t h e  
w a te r  ed g e  may b e  c o v e re d  w i th  a lm o s t f r e s h w a te r  ( 2%o ) .  At h ig h  
t i d e  t h e  s a l i n i t y  becom es 19 .0% o an d  may r e a c h  t h e  maximum s a l i n i t y  
o f  2 9 . 9%o .
3 . P o r t e n c r o s s  :
P o r te n c r o s s  l i e s  s o u th  w e s t  o f  Cumbrae i s l a n d  on t h e  A y r s h i r e  
c o a s t .  The s u b s t r a tu m  h e r e  i s  o f  O ld  Red S a n d s to n e  s i m i l a r  t o  t h e  
I s l e  o f  Cum brae.
The s h o re  a t  P o r te n c r o s s  i s  e x p o se d  t o  m ore i n t e n s i v e  wave a c t i o n
P l a t e  k l  Shows th e  h a b i t a t  c o n d i t io n s  a t  P o r te n c r o s s
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t h a n  t h e  o t h e r  l o c a l i t i e s  a n d  on i t s  m ost e x p o se d  a r e a  i s  d o m in a te d  
b y  b a r n a c l e s  w i th  d e n se  b a n d s  o f  s m a l l  m u s s e ls  (M y t i lu s  e d u L is ) L. 
on t h e  lo w e r  s h o r e .
G i g a r t i n a  shows a p a tc h y  d i s t r i b u t i o n  on r o c k s  on t h e  m ore 
g e n t l y  s lo p in g  s h o r e  b e lo w  t h e  ro c k y  o u t c r o p s , b u t  i n  t h e  p a th  o f  
b r e a k in g  w aves ( p l a t e  4 ) .
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CHAPTER 4 .
ANALYSIS OF MORPHOLOGICAL CHARACTERS
P l a n t s  o f  G i g a r t i n a  s t e l l a t a  c o n s i s t  o f  a  b a s a l  c r u s t  t h a t  
grow s r a d i a l l y  on t h e  s u b s t r a t e  an d  f ro n d s  e x te n d in g  upw ard  from  
t h e  b a s a l  c r u s t .  [ F ig .  (6) p a g e  (25 )J • The b a s a l  c r u s t  may p e r s i s t  
f o r  s e v e r a l  y e a r s  and  i t  h a s  b e e n  c o n s id e r e d  a s  p s e u d o - p e r e n n ia l  
( M a r s h a l l  e t  a l . 1 9 4 9 ) . The u p r i g h t  f ro n d s  show some o b v io u s  
m o rp h o lo g ic a l  v a r i a b i l i t y  w h ich  h a s  a l r e a d y  b e e n  d i s c u s s e d  i n  
C h a p te r  1 .
The v a r io u s  p o p u la t io n s  o f  G i g a r t i n a  w e re  sa m p le d  i n  t h e  summer 
o f  1977 u s in g  t h e  m ethod  d i s c u s s e d  i n  C h a p te r  2 ,  i n  w h ic h  t h e  w ho le  
p l a n t s  o f  G i g a r t i n a  ( a b o u t  25 b a s a l  c r u s t s )  fro m  a  s q u a re  25 cm 
q u a d ra t  w e re  c o l l e c t e d  fro m  t h e  m id d le  r e g io n  o f  t h e  v e r t i c a l  ra n g e  
o f  G i g a r t i n a  zone  a t  e a ch  l o c a l i t y .  P l a n t s  o f  t h r e e  q u a d r a t s  from  
each  p o p u l a t io n  w e re  a n a ly s e d .  The c h a r a c t e r s  a n a ly s e d  a s  shown 
i n  F i g . ( 6 )  a r e  :
1 -  L e n g th  o f  f r o n d  i n  mm.
2 -  W id th  o f  f r o n d  i n  mm.
3 - “  T h ic k n e s s  o f  f r o n d  i n  mm.
4 -  L e n g th  o f  s t a l k  i n  mm.
5 -  D ia m e te r  o f  s t a l k  i n  mm.
6 -  A re a  o f  b a s a l  c r u s t  i n  s q u a re  mm.
7 -  Number o f  e r e c t  f ro n d s  p e r  b a s a l  c r u s t .
8 -  Number o f  p a p i l l a e  p e r  s q u a re  cm o f  f ro n d s  s u r f a c e .
M easu rem en ts  o f  m o rp h o lo g ic a l  c h a r a c t e r s  a r e  shown i n  A p p e n d ic es  
1 ,2  and  3 . P h o to g ra p h ic  s i l h o u e t t e s  o f  v a r io u s  age  g ro u p s  o f  p l a n t s  
from  d i f f e r e n t  p o p u la t io n s  a r e  shown i n  F i g s .  9 -  1 1 . T h ese  f i g u r e s  
n o t  o n ly  show v a r i a t i o n  i n  t h e  m o rp h o lo g ic a l  c h a r a c t e r s  o f  d i f f e r e n t
F ig u re  9 : Showing t h e  v a r io u s  age g roups o f  p l a n t s  o f
G ig a r t in a  c o l l e c t e d  from  Cumbrae I s l a n d .
10 mm
F ig u re  10 : Showing th e  v a r io u s  age g roups o f  p l a n t s  o f
G ig a r t in a  c o l l e c t e d  from  Loch Long.
10 mm
F ig u re  1 1 : Showing th e  v a r io u s  age g ro u p s o f  p l a n t s  o f
g i& a r t in a  c o l l e c t e d  from  P o r te n c r o s s .
10 mm
4o.
p o p u la t io n s  o f  G i g a r t i n a  "but a l s o  t h e y  show t h a t  t h e  v a r i a t i o n s  i n  
m o rp h o lo g ic a l  c h a r a c t e r s  o c c u r r e d  i n  a l l  a g e  g ro u p s  o f  p l a n t s .
The r e s u l t s  o f  m ea su rem e n ts  o f  m o rp h o lo g ic a l  c h a r a c t e r s  a r e  
p r e s e n t e d  i n  t h e  fo rm  o f  "bar d ia g ra m s . ( F i g . 1 2 ,  ( a - h ) ) .  I t  i s  
c l e a r  fro m  t h e s e  d a t a  t h a t  i n  a l l  c h a r a c t e r s ,  p l a n t s  fro m  Loch Long 
e x h i b i t e d  t h e  s m a l l e s t  v a lu e .  On t h e  o t h e r  h a n d ,  p l a n t s  fro m  
P o r te n c r o s s  e x h i b i t e d  t h e  h i g h e s t  v a lu e  o f  a l l  c h a r a c t e r s  e x c e p t  f o r  
t h e  num ber o f  e r e c t  f ro n d s  p e r  b a s a l  c r u s t  w h ich  w as h i g h e s t  i n  p l a n t s  
fro m  Cumbrae I s l a n d .  P l a n t s  fro m  Cumbrae I s l a n d  e x h i b i t e d  i n t e r ­
m e d ia te  v a lu e s  f o r  a l l  c h a r a c t e r s .  T h e r e f o r e ,  p l a n t s  fro m  P o r te n c r o s s  
a r e  c h a r a c t e r i s e d  by  l a r g e , w id e  and  t h i c k  f r o n d s ,  lo n g  an d  t h i c k  s t a l k  
an d  l a r g e  a r e a  o f  b a s a l  c r u s t .  P l a n t s  fro m  Loch Long a r e  c h a r a c t e r i s e d  
b y  s h o r t ,  n a rro w  an d  t h i n  f r o n d s ,  s h o r t  an d  t h i n  s t a l k ,  a  s m a l l  num ber 
o f  e r e c t  f ro n d s  p e r  b a s a l  c r u s t , a  s m a l l  a r e a  o f  b a s a l  c r u s t  a n d  a  s m a l l  
num ber o f  p a p i l l a e  p e r  s q u a re  mm o f  f r o n d  s u r f a c e .  I n  some c h a r a c t e r s  
e . g .  a r e a  o f  b a s a l  c r u s t  an d  t h e  num ber o f  p a p i l l a e  p e r  s q u a re  cm, 
i t  was n o t  p o s s i b l e  t o  r e p r e s e n t  t h e  s t a n d a r d  d e v i a t i o n  on t h e  b a r ,  
b e c a u s e  i n  a l l  c a s e s  i t  was v e r y  l a r g e ,  b u t  t h e  m ean v a lu e s  s t i l l
no
s h o w e d ^ s ig n i f i c a n t  d i f f e r e n c e s ,  a l s o  some c h a r a c t e r s  e . g .  l e n g t h  o f  
f r o n d  show ed no s i g n i f i c a n t  d i f f e r e n c e s  i n  p l a n t s  fro m  P o r te n c r o s s  
and  Cumbrae I s l a n d .
I n  s a m p lin g  t h e  d i f f e r e n t  p o p u la t io n s  o f  G i g a r t i n a  f o r  a n a l y s i s  
o f  m o rp h o lo g ic a l  c h a r a c t e r s , t h e  p l a n t s  fro m  t h e  u p p e rm o s t r e g i o n  o f  
t h e  G i g a r t i n a  zone was d i s c a r d e d  b e c a u s e  i n  a l l  c a s e s  t h e y  a r e  u s u a l l y  
j u v e n i l e .
As a l r e a d y  d e s c r i b e d  i n  C h a p te r  3 ,  P o r t e n c r o s s ,  i s  an  open  c o a s t  
a n d  e x p o se d  l o c a l i t y  w h i le  Loch Long i s  a  v e r y  s h e l t e r e d  l o c a l i t y
F ig u re  1 2 : Show ing a n a l y s i s  o f  m o rp h o lo g ic a l  c h a r a c t e r i s t i c s
o f  G i g a r t i n a  s t e l l a t a  fro m  t h e  d i f f e r e n t  









The l e n g t h  o f  f r o n d .
The w id th  o f  f r o n d .
The t h i c k n e s s  o f  f r o n d .
The l e n g t h  o f  s t a l k .
D ia m e te r  o f  s t a l k .
A re a  o f  b a s a l  c r u s t .
Number o f  e r e c t  f r o n d s / b a s a l  c r u s t  
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F i s  1 2 ( h )
P ORTENCROS S 
C U MB R A E  I S L A N D  
LOCH L ON G
i+1.
w ith  low  s a l i n i t y  o f  s e a w a te r  a n d  Cumbrae I s l a n d  i s  a  m o d e r a te ly  e x p o se d  
l o c a l i t y .  T h ese  v a r i a t i o n s  i n  t h e  h a b i t a t  c o n d i t i o n s  p r o b a b ly  
e x p la in  t h e  r a n g e  o f  t h e  m o rp h o lo g ic a l  c h a r a c t e r s .  To t e s t  t h e  
e x t e n t  t o  w h ic h  t h e s e  m o rp h o lo g ic a l  v a r i a t i o n  c o u ld  b e  a s s o c i a t e d  w i th  
t h e  h a b i t a t  c o n d i t i o n s ,  some t r a n s p l a n t  e x p e r im e n ts  w e re  p la n n e d  w i th  
p l a n t s  fro m  t h e s e  l o c a l i t i e s .
CHAPTER 5 
FIELD STUDIES
5 . 1  T r a n s p la n ts  :
The i n t e r r e l a t i o n  o f  g e n e t i c  an d  e n v ir o n m e n ta l  f a c t o r s  i n  t h e  
b io lo g y  o f  h i g h e r  p l a n t  s p e c ie s  was i n v e s t i g a t e d  f i r s t  b y  T a r e s so n  
( 1 9 2 2 ) u s in g  f i e l d  t r a n s p l a n t  m ethods i n  w h ich  m a t e r i a l  com ing from  
d i f f e r e n t  l o c a t i o n s  was grow n i n  a  s t a n d a r d  e n v iro n m e n t t o  e l i m i n a t e  
e n v iro n m e n t a l l y  p ro d u c e d  e f f e c t s .  He fo u n d  some c o n s id e r a b l e  
g e n e t i c a l l y  d e te rm in e d  v a r i a t i o n  w i t h in  c e r t a i n  s p e c i e s  e . g .
L y s im a c h ia  v u l g a r i s  L . , A s te r  t r i p o l i u m  L . , Leo n to d o n  a u tu m n a lis  L. 
an d  A t r i p l e x  l i t t o r a l i s  L. I n  s p i t e  o f  t h i s  s u c c e s s , t h e  t r a n s p l a n t a t i o n  
m ethod  h a s  n o t  b e e n  w id e ly  u s e d  w i th  m a r in e  a lg a e  i n  g e n e r a l  an d  
G i g a r t i n a  i n  p a r t i c u l a r ,  i n  s p i t e  o f  t h e  o p p o r t u n i t i e s  i t  o f f e r s  t o  
u n d e r s t a n d in g  th e  d ev e lo p m en t o f  form s in  a  s p e c i e s .
B urrow s an d  Lodge ( l 9 5 l )  d e s c r ib e d  a  t r a n s p l a n t  t e c h n iq u e  
in  w h ich  th e y  s e t t l e d  t h e  f e r t i l i s e d  eggs o f  Fucus s p e c i e s  on s t e r i l e  
b r i c k s  p l a c e d  i n  ru n n in g  s e a w a te r  i n  t h e  l a b o r a t o r y .  A f t e r  1 -2  m onths 
t h e  s p o r e l in g s  c o u ld  b e  e a s i l y  s e e n  b y  t h e  n a k e d  ey e  an d  t h e  b r i c k s  
p lu s  t h e  s p o r e l in g s  w e re  cem en ted  t o  ch o sen  p o s i t i o n s  on t h e  s h o r e .
The p u rp o s e  o f  t h i s  e x p e r im e n t  was t o  s tu d y  t h e  h y b r i d i z a t i o n  am ongst 
F ucus p l a n t s . Good g ro w th  o f  s p o r e l in g s  was o b ta in e d  i n  t h i s  way 
b u t  p ro b le m s  a r o s e  th r o u g h  l o s s  o f  p l a n t  m a t e r i a l  i n  h e a v y  s e a s .
T h is  p ro b le m  was overcom e b y  S undene ( 1 9 6 1 ) w o rk in g  on A l a r i a  e s c u l e n t a  
b y  u s in g  l a r g e  c o n c r e te  b lo c k s  x  1 ^  x  60 cm) b o u n d  w i th  n y lo n  c o rd  
t o  w h ic h  t h e  h a p t e r a  o f  t h e  p l a n t s  c o u ld  b e  a t t a c h e d ,  t h e  a im  o f  t h i s  
e x p e r im e n t  was t o  s tu d y  t h e  f a c t o r s  c o n t r o l l i n g  t h e  d i s t r i b u t i o n  o f
4 3 .
t h i s  s p e c i e s ,  a n d  a l th o u g h  t h i s  s p e c i e s  does n o t  o c c u r  on t h e  s o u th ­
e a s t  c o a s t  o f  N orw ay, t h e  t r a n s p l a n t e d  m a t e r i a l  grew  w e l l  i n  t h e  new 
h a b i t a t ,  Munda (1964 ) t r a n s p l a n t e d  p l a n t s  o f  F ucus v e s i c u l o s u s  L. 
v a r .  vadorum  A re s c h . ( w i th  l a r g e  num ber o f  v e s i c l e s )  t o  a  s i t e  b e y o n d  
i t s  n a t u r a l  l i m i t  o f  o c c u r r e n c e .  She fo u n d  t h a t  t h e  p l a n t s  s u r v iv e d  
and  a d a p te d  th e m s e lv e s  t o  t h e  new h a b i t a t s .  The p l a n t s ,  a f t e r  7 
m onths o f  t r a n s p l a n t a t i o n ,  fo rm ed  new p a r t s  w h ic h  w e re  d i f f e r e n t  from  
t h e  o r i g i n a l  p l a n t s  i n  l a c k i n g  v e s i c l e s  an d  h a v in g  e x t e n s i v e  b r a n c h in g .  
P o l lo c k  ( 1 9 6 9 ) h a s  s u c c e s s f u l l y  t r a n s p l a n t e d  tw o  d i s t i n c t  fo rm s o f  
Fucus d i s t i chus L. u s in g  n a t u r a l l y  o c c u r r in g  p l a n t s  g ro w in g  on s to n e s  
and  b o u l d e r s .  I n t e r z o n e  t r a n s p l a n t s  o f  t h i s  p l a n t  show ed t h a t  t h e  
u p p e r  s h o r e  p l a n t s  f a i l e d  t o  grow a t  lo w e r  l e v e l s , b u t  t h a t  lo w e r  
s h o r e  p l a n t s  c o u ld  grow  s u c c e s s f u l l y  when t r a n s p l a n t e d  t o  h i g h e r  
l e v e l s .  A lso  P o l lo c k  ( 1 9 6 9 ) e s t a b l i s h e d  s p o r e l i n g s  o f  Fucus d i s t i c h u s  
on c o r r u g a te d  p l a s t i c  s t r i p  i n  t h e  l a b o r a t o r y  and  t h e n  p l a c e d  th em  a t  
d i f f e r e n t  l e v e l s  on t h e  s h o r e .  The r e s u l t s  o f  t h i s  e x p e r im e n t  
i n d i c a t e d  t h a t  t h e  h ig h  o r  low  s h o re  c o n d i t io n s  e x e r t e d  no  d i f f e r e n t i a l  
m o r t a l i t y  on t h e  d i f f e r e n t  sa m p le s  and  t h e  v a r i a t i o n  i n  m orp h o lo g y  
b e tw e e n  t h e  d i f f e r e n t  fo rm s o f  F ucus d i s t i c h u s  a r o s e  so m e tim es  a f t e r  
t h e  f i r s t  d ic h o to m y . N o r to n  ( 1 9 6 9 ) fo u n d  t h a t  t h e  wave a c t i o n  
p ro d u c e s  t h r e e  d i f f e r e n t  fo rm s o f  S a c c o r h iz a  p o ly s c h id e s  ( L i g h t f . )  B a t t . 
an d  t h e  t r a n s p l a n t e d  fo rm s a d o p te d  t h e  m o rpho logy  o f  t h e  p o p u l a t i o n  i n  
t h e  h a b i t a t  t o  w h ich  t h e y  w ere  m oved. F l o c ’H ( 1 9 6 9 ) t r a n s p l a n t e d  
tw o d i f f e r e n t  fo rm s o f  C hondrus c r i s p u s  on t h e  c o a s t  o f  F i n i s t è r e  i n  
F ra n c e  i n  o r d e r  t o  c h e ck  on t h e  p o s s i b l e  c o n n e c t io n  b e tw e e n  t h e  
m orp h o lo g y  a n d  t h e  e c o lo g y  o f  t h i s  a l g a .  He fo u n d  t h a t  a f t e r  T 
m onths o f  t h e  t r a n s p l a n t ,  t h e  e n v iro n m e n ta l  f a c t o r s  h a d  no  a p p a r e n t  
i n f l u e n c e  upon t h e  y o u n g  s h o o ts  t h a t  w ere  o b t a in e d  fro m  t h e  tw o  d i f f e r e n t
44,
fo rm s . F lo c 'H  a d d e d  t h a t  t h e s e  r e s u l t s  make c l e a r  t h a t  t h e  sh a p e  o f  
t h e  t h a d l u s  i s  n o t  t r a n s i e n t  an d  t h a t  t h e  p o s s i b l e  e f f e c t  o f  t h e  
e n v ir o n m e n ta l  f a c t o r s  upon  t h e  m o rp h o lo g y  o f  C hondrus c r i s p u s  can  b e  
b u t  v e ry  s lo w . W aaland. (1 9 7 3 ) d e s c r ib e d  a  s im p le  an d  s u c c e s s f u l  
m ethod  f o r  e x p e r im e n ta l  t r a n s p l a n t a t i o n  i n  w h ich  p l a n t s  o f  I r i d a e a  
c o r  d a t a  (T u rn e r )  B ory  a n d  G i g a r t i n a  e x a s p e r a t a  H arv ey  a n d  B a i le y  w e re  
a t t a c h e d  t o  6 mm d ia m e te r  p o l y th y le n e  l i n e .  The tw o  a lg a e  w ere  
t r a n s p l a n t e d  t o  h a b i t a t  i n  w h ic h  t h e y  do n o t  o c c u r  n a t u r a l l y .  The 
p u rp o s e  o f  t h i s  f i e l d  t r a n s p l a n t  e x p e r im e n t  was t o  f i n d  o u t  t h e  
optim um  d e p th  f o r  maximum g ro w th  o f  t h e  tw o a lg a e  w h ic h  was fo u n d  t o  
b e  a b o u t 3“ 5 m. b e lo w  M .L.L.W .
Thus t h e  p r e v io u s  w ork  h a s  shown v e r y  c l e a r l y  t h a t  t h e  f i e l d  
t r a n s p l a n t  e x p e r im e n ts  o f f e r  a  u s e f u l  m ethod  o f  d e te r m in in g  t h e  c a u se  
o f  m o rp h o lo g ic a l  v a r i a t i o n  a n d  a d a p ta t i o n  i n  a  s p e c i e s .
The o b j e c t  o f  t h e  p r e s e n t  f i e l d  t r a n s p l a n t  e x p e r im e n t  was t o  
t r y  t o  c o r r e l a t e  t h e  m o rp h o lo g ic a l  v a r i a b i l i t y  o f  t h e  d i f f e r e n t  
p o p u l a t io n s  o f  G i g a r t i n a  s t e l l a t a  w i th  h a b i t a t  c o n d i t i o n s .  P l a n t s  
o f  G i g a r t i n a  s t e l l a t a  w ere  t r a n s p l a n t e d  th r o u g h o u t  t h r e e  d i f f e r e n t  
l o c a l i t i e s  i n  t h e  C lyde  s e a  a r e a  i n  r e c i p r o c a l  f a s h io n  a s  shown in  
F ig u r e  (5)*
The t r a n s p l a n t  e x p e r im e n t  was i n i t i a t e d  i n  J u n e  1976 u s in g  t h e  
m eth o d  d e s c r i b e d  i n  p a g e  ( 2 4  ) an d  v i s i t s  a t  r e g u l a r  m o n th ly  
i n t e r v a l s  w ere  m ade.
The d i f f i c u l t i e s  o b t a in e d  w i th  t h i s  f i x e d  t r a n s p l a n t  e x p e r im e n t  
can  b e  su m m a rise d  a s  f o l l o w s :
( a )  Wave a c t i o n  rem oves t h e  t r a n s p l a n t s  e i t h e r  b y  d i s l o d g i n g  t h e
w h o le  s to n e s  a f t e r  c e m e n tin g  o r  b y  rem o v in g  t h e  p l a n t s  from
45.
f i x e d  s t o n e s .  C S ee  p l a t e s  ( 5 ) a n d  (6) ] .  The l o s s  o f  
p l a n t s  an d  s to n e s  was m ost o b v io u s  w i th  p l a n t s  t r a n s p l a n t e d  
fro m  Loch Long t o  P o r te n c r o s s  even  f o r  s h o r t  p e r i o d s . T h is  
can  be  e x p la in e d  b y  t h e  f a c t  t h a t  Loch Long p l a n t s  h a v e  t h e  
s m a l l e s t  a r e a  o f  b a s a l  c r u s t  a s  shown in  C h a p te r  4 ,  a n d  a r e  
l e a s t  a b le  t o  c o n te n d  w i th  s e v e r e  wave a c t i o n .
(b ) I n  some c a s e s ,  e . g .  a t  P o r t e n c r o s s ,  i t  was d i f f i c u l t  t o  f i n d  
t h e  t y p i c a l  p l a n t s  g ro w in g  on t h e  r i g h t  s i z e  o f  s t o n e s .
( c )  I n  a  few c a s e s  t h e  cem en ted  s to n e s  p r o v e d  a t t r a c t i v e  t o  
v i s i t o r s  t o  t h e  s h o re  and  some d i s tu r b a n c e s  h a v e  b e e n  s e e n .
A ls o ,  som etim es t h e  l o c a l  p e o p le  o b j e c t e d  t o  t h e  rem o v a l o f  
s to n e s  from  t h e  s h o r e .
R e s u l t s  o f  t h e  f i e l d  t r a n s p l a n t  e x p e r im e n ts  show t h a t  a l l  c o n t r o l  
e x p e r im e n ts  ( i n  w h ich  s to n e s  b e a r i n g  p l a n t s  w e re  c e m e n te d  a t  t h e  same 
s i t e  i n  t h e i r  n o rm a l h a b i t a t )  i n d i c a t e d  t h a t  t h e  p h y s i c a l  e f f e c t s  o f  
h a n d l in g  and  c e m e n tin g  t h e  s to n e s  i s  n e g l i g i b l e .  C o n tr o l  p l a n t s  on 
t h e  cem en ted  s to n e s  grow as  h e a l t h i l y  as  t h e  u n d i s t u r b e d  p l a n t s  g ro w in g  
a t  t h e  same s h o re  s i t e s .  D e t a i l s  o f  t h e  t r a n s p l a n t  e x p e r im e n t  
r e s u l t s  a r e  a s  f o l lo w s  :
1 -  On Cumbrae I s l a n d :
( a )  A f t e r  3 m onths :
P l a n t s  t r a n s p l a n t e d  fro m  Loch Long grew  h e a l t h i l y  i n  t h i s  l o c a l i t y .  
T h e re  w ere  s l i g h t  ch a n g es  i n  t h e  c o lo u r  o f  p l a n t s  w h ich  becam e d a r k e r .
V ery few  p l a n t s  w e re  l o s t  fro m  t h e  cem en ted  s to n e s  a n d  none o f  t h e  
c em en ted  s to n e s  w ere  rem oved  fro m  th e  r o c k s .
P l a n t s  t r a n s p l a n t e d  from  P o r te n c r o s s  t o  t h i s  l o c a l i t y  grew  h e a l t h i l y  
as w e l l  as  t h e  u n d i s t u r b e d  Cumbrae I s l a n d  p l a n t s  a l o n g s i d e . ' No c h a n g es  i n  
t h e i r  m o rp h o lo g ic a l  c o n d i t i o n  c o u ld  b e  s e e n .
P la te  (5 ) : Showing ston es h earin g  G igartina  p la n ts  from
Loch Long tra n sp la n ted  to  P o rten cro ss .
Taken 10 weeks a f t e r  th e  tr a n sp la n t.
Note c le a r  patches a r is in g  through lo s s  o f  
p la n t m a ter ia l.
S ca le  l in e  = 10 cm.
P la te  ( 6 ) :  Showing p la n ts  from Loch Long tra n sp la n ted  to
Cumbrae I s la n d . Taken l8  months a f t e r  the  
tr a n s p la n t . The cemented sto n e  ( a) c lea red  
o f  any G ig a rtin a .
S ca le  l in e  = 10 cm.
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(h.) A f t e r  6:.m o n th s ;
In  s p i t e  o f  some l o s s e s  w i th  p l a n t s - t r a n s p l a n t e d  fro m  Loch Long 
b o th  t h e s e  a n d  p l a n t s  t r a n s p l a n t e d  from  P o r t e n c r o s s ,  a p p e a re d  n o rm a l 
and  s t i l l  r e s e m b le d  t h e  fo rm  i n  t h e i r  o r i g i n a l  l o c a l i t i e s .  The 
t h r e e  ty p e s  o f  p l a n t  fo rm s c o u ld  b e  e a s i l y  r e c o g n i s e d  a t  Cumbrae 
I s l a n d  s i t e ,  i . e .  t h e  t r a n s p l a n t s  from  Loch Long, an d  P o r te n c r o s s  an d  
t h e  u n d i s t u r b e d  p l a n t s  o f  Cumbrae I s l a n d .
Cc) A f t e r  12 m onths :
N o t i c e a b le  l o s s e s  i n  p l a n t s  t r a n s p l a n t e d  from  Loch Long h a d  
o c c u r r e d .  S to n e s  t r a n s p l a n t e d  fro m  Loch Long a n d  P o r te n c r o s s  b o th  
b o re  f r o n d s  o f  G i g a r t i n a  w h ich  re s e m b le d  now t h e  fo rm  o f  t h e  h a b i t a t  
i n  Cumbrae I s l a n d .  T h is  can  b e  e x p la in e d  b y  t h e  f a c t  t h a t  new 
g ro w th s  o f  G i g a r t i n a  p ro d u c e d  by  t h e  b a s a l  c r u s t  a p p e a r e d  on a l l  
t r a n s p l a n t e d  s to n e s  an d  t h e s e  new G i g a r t i n a  f ro n d s  r e s e m b le d  t h e s e  
o f  t h e  u n d i s t u r b e d  p l a n t s  on Cumbrae I s l a n d .  I n  many cases i t  
was d i f f i c u l t  t o  d i s t i n g u i s h  b e tw e e n  t h e  'n a t i v e  p l a n t s ’ o f  Cumbrae 
I s l a n d  an d  p l a n t s  t r a n s p l a n t e d  fro m  o t h e r  l o c a l i t i e s .
2 . A t Loch L o n g :
( a )  A f t e r  3 m onths :
P l a n t s  t r a n s p l a n t e d  fro m  b o th  Cumbrae I s l a n d  a n d  P o r te n c r o s s  
w ere  g ro w in g  h e a l t h i l y  w i th  s l i g h t  c h a n g es  i n  t h e  c o lo u r  o f  t h e  t r a n s ­
p l a n t e d  m a t e r i a l  w h ich  becam e p a l e r  an d  f ro n d s  o f  t h e s e  p l a n t s  becam e 
s l i g h t l y  t w i s t e d .  T h re e  g ro u p s  o f  p l a n t s  c o u ld  b e  e a s i l y  d i s t i n g u i s h e d  
a t  t h e  s i t e ,  i . e .  t h e  u n d i s t u r b e d  p l a n t s  o f  Loch L o n g , p l a n t s  t r a n s ­
p l a n t e d  fro m  P o r te n c r o s s  an d  p l a n t s  t r a n s p l a n t e d  from  Cumbrae I s l a n d .
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(b ) A f t e r  6 m onths :
A lth o u g h  p l a n t s  t r a n s p l a n t e d  fro m  b o th  Cumbrae I s l a n d  an d  
P o r te n c r o s s  w e re  g ro w in g  h e a l t h i l y ,  some c h a n g es  i n  b o th  p l a n t s  w e re  
n o t i c e d .  New f r o n d s  on t h e  t r a n s p l a n t s  now te n d e d  t o  r e s e m b le  t h o s e  
o f  t h e  ’n a t i v e '  p l a n t s  a t  Loch L ong.
( c )  A f t e r  12 m onths :
S to n e s  t r a n s p l a n t e d  fro m  b o th  Cumbrae I s l a n d  a n d  P o r t e n c r o s s  w e re  
c o v e re d  b y  p l a n t s  o f  G i g a r t i n a  w i th  g ro w th  fo rm s r e s e m b l in g  t h a t  o f  
t h e  u n d i s t u r b e d  p l a n t s  o f  Loch Long. L a t e r  i t  becam e im p o s s ib le  t o  
d i s t i n g u i s h  b e tw e e n  t h e  'n a t i v e  p l a n t s '  o f  Loch Long a n d  t h e  t r a n s p l a n t e d  
fro m  o t h e r  l o c a l i t i e s .
3 . A t P o r t e n c r o s s  :
( a )  A f t e r  3 m onths :
A v e r y  h ig h  r a t e  o f  l o s s  o f  p l a n t s  t r a n s p l a n t e d  f ro m  lo c h  Long 
was n o t i c e d ,  even  a f t e r  t h e  f i r s t  few  m o n th s . The r e m a in in g  p l a n t s  
fro m  Loch Long becam e d a r k e r  i n  c o lo u r  an d  to u g h  i n  t h e i r  t e x t u r e .
T h e re  w e re  n o  n o t i c e a b l e  c h a n g es  i n  p l a n t s  t r a n s p l a n t e d  fro m  Cumbrae 
I s l a n d .  T h ese  p l a n t s  w e re  g ro w in g  h e a l t h i l y  an d  r e s e m b le  t h e  fo rm  
shown i n  t h e i r  o r i g i n a l  l o c a l i t y .
(b  ) A f t e r  6 m onths :
T h e re  was no r e c o r d  o f  an y  p l a n t s  t r a n s p l a n t e d  fro m  Loch L o n g , 
s in c e  s to n e s  fro m  t h i s  l o c a l i t y  w e re  b a r e  o r  h a d  d i s a p p e a r e d .  P l a n t s  
t r a n s p l a n t e d  fro m  Cum brae I s l a n d  grew  h e a l t h i l y  w i th  v e r y  few  p l a n t s
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l o s t  d e s p i t e  t h e  h e a v y  s e a s .  The f ro n d s  'became d a r k e r ,  to u g h e r  i n  
t e x t u r e ,  t w i s t e d  and  show ed some re s e m b la n c e  t o  t h e  u n d i s t u r b e d  p l a n t s  
o f  P o r t e n c r o s s .
( c )  A f t e r  12 m onths :
P l a n t s  t r a n s p l a n t e d  fro m  Cumbrae I s l a n d  grew  h e a l t h i l y  an d  as 
w e l l  a s  t h e  'n a t i v e  p l a n t s '  o f  P o r t e n c r o s s .  B o th  o l d  f r o n d s  and  t h e  
new ones p r o d u c e d  fro m  t h e  b a s a l  c r u s t  re s e m b le d  t h e  n a t i v e  p l a n t s  
an d  a t  a  l a t e r  t im e  i t  was v e r y  d i f f i c u l t  t o  d i s t i n g u i s h  b e tv e e n  t h e  
u n d i s t u r b e d  p l a n t s  an d  t h e  t r a n s p l a n t e d  o n e s .
G e n e r a l ly ,  p l a n t s  o f  G i g a r t i n a  w ere  a b le  t o  r e s i s t  any  ch a n g es  
in  t h e i r  m o rp h o lo g y  f o r  som etim e a f t e r  t r a n s p l a n t a t i o n  t o  new h a b i t a t s .  
A f t e r  3 m onths s l i g h t  c h a n g es  i n  c o l o u r ,  t e x t u r e  a n d  s p i r a l i t y  o f  f ro n d s  
h a d  o c c u r r e d .  A t a  l a t e r  t im e  ( a f t e r  6 m o n th s) t h e s e  c h a n g e s  becam e 
m ore o b v io u s  a n d  p l a n t s  a d a p te d  th e m s e lv e s  t o  t h e i r  new h a b i t a t  c o n d i t io n  
a t  Loch Long an d  P o r t e n c r o s s .  P l a n t s  t r a n s p l a n t e d  t o  Cum brae I s l a n d  
( t h e  m o d e r a te ly  e x p o se d  l o c a l i t y )  seem ed a b le  t o  r e s i s t  a n y  c h a n g e s  
i n  t h e i r  m o rp h o lo g y  f o r  a  l o n g e r  p e r i o d  (up  t o  12 m o n th s ) .  D u rin g  
t h i s  p e r i o d  t h e  new f ro n d s  w e re  p ro d u c e d  from  t h e  b a s a l  c r u s t s  re s e m b le d  
t h e  'n a t i v e  p l a n t s '  i n  a l l  c a s e s .
T h u s , t h e s e  r e s u l t s  a r e  i n  a g re e m e n t w i th  t h o s e  o b t a in e d  b y  Munda 
( 1 9 6 4 ) ,  P o l lo c k  ( 1 9 6 9 ) an d  N o r to n  ( 1 9 6 9 ) .  To some e x t e n t  t h e  r e s u l t s  
u n d e r l i n e  t h e  w ork  o f  P lo c 'H  ( 1 9 6 9 ) on C hondrus c r i s p u s  i n  d e m o n s t r a t in g  
t h a t  any  m o rp h o lo g ic a l  c h a n g es  a r e  v e ry  s low  p r o c e s s e s .
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5 .2  R e c o l o n i s a t i o n  :
S tu d ie s  on r e c o l o n i s a t i o n  on a r t i f i c i a l l y  d e n u d e d  a r e a s  h a v e  
shown t h a t  much v a lu a b l e  in f o r m a t io n  c a n  b e  g a in e d  a n d  t h e  t e c h n iq u e  
s h o u ld  u n d o u b te d ly  b e  e x te n d e d .  Such s t u d i e s  w i l l  th ro w  some l i g h t  
on t h e  f a c t o r s  d e te r m in in g  t h e  c h a r a c t e r i s t i c s  o f  z o n a t io n  t h a t  can  
b e  o b s e rv e d  (Chapman 1 9 4 6 , 1 9 5 7 ) .  A c c o rd in g  t o  M a r s h a l l  e t  a l  (1 9 4 9 )
t h e  r e c o l o n i s a t i o n  s t u d i e s  w o u ld  h e lp  t o  e l u c i d a t e  t h e  l i f e  h i s t o r y  o f  
t h e  p l a n t s  an d  i n d i c a t e  w h e th e r  c u l t i v a t i o n  on a r t i f i c i a l  s u b s t r a t a ,  
p l a c e d  in  t h e  s e a ^ w c u ld  b e  c o m m e rc ia lly  p r a c t i c a b l e .  Bokenham  (1 9 3 8 ) 
was among t h e  f i r s t  t o  s tu d y  c o l o n i s a t i o n  in  t h e  i n t e r t i d a l  zone  i n  
S o u th  A f r i c a .  He s t a t e d  t h a t  t h e  r e s u l t  o f  su c h  s tu d y  w o u ld  make 
i t  p o s s i b l e  t o  com pare t h e  g ro w th  r a t e  o f  t h e  same org . n ism  i n  w arm er 
and  c o ld e r  w a te r .
R ees ( 1 9 4 0 ) fo u n d  t h a t  t h e  r e c o l o n i s a t i o n  i s  i n f l u e n c e d  b y  t h e  
s e a s o n  o f  t h e  y e a r ,  t h e  n a t u r e  o f  t h e ^ s ^ r a t^ n ^ ie . g . w h e th e r  w ood , i r o n  
o r  c o n c r e t e ) ,  t i d e  l e v e l ,  a n g le  o f  s lo p e  an d  c o m p e t i t io n  b e tw e e n  p l a n t s  
an d  a n im a ls .
H i t c h in g  (1 9 3 7 ) s t a t e d  t h a t  t h e  se q u e n c e  o f  r e c o l o n i s a t i o n  in  a r e a  
s t u d i e d  in  a l l  E u ro p e an  w a te r s  a p p e a rs  t o  b e  much t h e  sam e w i th  d ia to m s  
g e n e r a l l y  r e t u r n i n g  f i r s t , f o l lo w e d  b y  E n te ro m o rp h a  sp p  an d  t h e n  b y  
F ucus s p p .
U m am ahesw ararae an d  S re e ra m u lu  ( 1 9 6 7 ) d e s c r i b e d  t h e  se q u e n c e  o f  
r e c o l o n i s a t i o n  in  d en u d ed  a r e a s  i n  I n d i a  an d  r e p o r t e d  t h a t  t h e  a b i l i t y  
o f  a lg a e  t o  t o l e r a t e  t i d a l  e x p o s u re  i s  im p o r ta n t  i n  d e te r m in in g  t h e  
r e c o l o n i s  a t i o n .
R e c o l o n i s a t i o n  on d e n u d ed  ro c k y  s u r f a c e s  i n  t h e  i n t e r t i d a l  r e g io n  
u n d e r ta k e n  b y  d i f f e r e n t  w o rk e rs  h a s  b e e n  r e v ie w e d  b y  Chapman 1 9 4 6 , 1957
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and Doty (1 9 5 7 ) .
T h is  s tu d y  was commenced i n  F e b ru a ry  1 9 7 6 , b y  c l e a n in g  a  s t r i p  
as d e s c r ib e d  i n  p a g e  ( 23 ) a t  D a v y 's  R ock , Cumbrae I s l a n d .  V i s i t s  w e re  
made a t  re g u la r*  m o n th ly  i n t e r v a l s  an d  m a c ro s c o p ic  r e c o l i s e r s  w ere  
r e c o r d e d .
F o r  a  p e r i o d  o f  3 m o n th s , t h e  s t r i p  was b a r e ,  an d  a f t e r  t h i s  
p e r i o d ,  t h e  s t r i p  r e c o v e r e d  fro m  t h e  c h e m ic a l  e f f e c t  o f  f o r m a l in  
s o l u t i o n .  The f i r s t  c o l o n i s e r s  w h ic h  a p p e a re d  a f t e r  3 m onths w ere  
C la d o p h o ra  r u p e s t r i s  ( L .)  K u tz . on t h e  u p p e r  p a r t  o f  t h e  s t r i p  and  
E n te ro m o rp h a  s p p . on lo w e r  p a r t .  A f t e r  6 m onths fro m  t h e  d a te  o f  
c l e a r i n g  t h e  s t r i p ,  t h e  u p p e r  p a r t  was c o lo n i s e d  b y  s p o r e l in g s  o f  
F ucus a w h i le  t h e  r e m a in in g  p a r t  o f  t h e  s t r i p  was c o v e re d  b y  E n te ro m o rp h a  
s p p . , C la d o p h o ra  s p p . and  a  few s c a t t e r e d  p l a n t s  o f  P c r p h y ra  sp p .
A f t e r  8 m onths Fucus s p o r e l in g s  i n  t h e  u p p e r  p a r t  o f  t h e  s t r i p  r e a c h e d  
a b o u t  5“ 8 cm i n  l e n g t h ,  and  m ore s p o r e l in g s  o f  F u cu s w e re  g ro w in g  
fro m  u n d e rn e a th  E n te ro m o rp h a  an d  C la d o p h o ra  i n  t h e  lo w e r  p a r t  o f  t h e  
s t r i p .  A f t e r  10 m o n th s . Fucus p l a n t s  i n  t h e  u p p e r  p a r t  o f  t h e  
s t r i p  r e a c h e d  1 0 -1 5  cm i n  l e n g t h  w i th  some p l a n t s  fo rm in g  r e c e p t a c l e s .  
T hese  w e re  fo u n d  t o  b e  F ucus s p i r a l i s . The lo w e r  p a r t  o f  t h e  s t r i p  
was s t i l l  c o v e re d  b y  E n te ro m o rp h a , C la d o p h o ra , P o r p h y ra  and  s m a l l  
s c a t t e r e d  p l a n t s  o f  U lva . H o w ev er, u n d e r  t h e s e  s p e c i e s  a  c a r p e t  o f  
Fucus s p o r e l in g s  w ere  s t i l l  g ro w in g . A f t e r  12 m onths fro m  th e  
d a te  o f  c l e a r i n g  t h e  s t r i p ,  t h e  w h o le  s t r i p  was c o v e re d  b y  Fucus 
p l a n t s , an d  w h i le  t h e  lo w e r  p a r t  o f  t h e  s t r i p  was c o v e re d  b y  s m a l l  
p l a n t s  o f  F u c u s , t h e  u p p e r  p a r t  was c o v e re d  b y  f e r t i l e  F . s p i r a l i s .
I n  J u l y  1 9 7 7 , a f t e r  a b o u t l 8  m onths from  t h e  d a te  o f  c l e a r i n g  t h e  
s t r i p ,  t h e  l a t t e r  was c o v e re d  b y  t h r e e  s p e c i e s  o f  F u c u s , s p i r a l i s  L . 
i n  t h e  u p p e r  p a r t , v e s i c u l o s u s  L . i n  t h e  m id d le  p a r t  and  2» s e r r a t u s  L.
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i n  t h e  lo w e r  p a r t  o f  t h e  s t r i p .  A l l  F ucus p l a n t s  w e re  f e r t i l e .
At no t im e  d id  G i g a r t i n a  s p o r e l in g s  o r  an y  r e d  c r u s t  a p p e a r  on 
any  p a r t  o f  t h e  s t r i p .  A f t e r  2 g y e a r s  from  t h e  d a te  o f  c l e a r i n g  t h e  
s t r i p  t h e r e  was s t i l l  no i n d i c a t i o n  o f  any  r e a p p e a r a n c e  o f  G i g a r t i n a  
an d  t h e  s t r i p  r e m a in e d  c o v e re d  o n ly  h y  F ucus p l a n t s  [ s e e  p l a t e  ( 7  ) [ .
To f o l lo w  any  s e a s o n a l  v a r i a b i l i t y  in  r e c o l o n i s a t i o n ,  s u c c e s s iv e  
s t r i p s  i n  t h e  sam e a r e a  w e re  c l e a r e d  a t  d i f f e r e n t  s e a s o n s  o f  t h e  y e a r  
a s  f o l lo w s  :
’ )  S t r i p  N o .2 . w as c l e a r e d  i n  J u n e  1976 .
' )  S t r i p  N o . 3 . was c l e a r e d  in  S e p tem b e r 1 9 7 6 .
■) S t r i p  N o .4 . was c l e a r e d  i n  A p r i l  1977*
The se q u e n c e  o f  r e c o l o n i s â t io n  was s i m i l a r  t o  t h e  above  d e s c r i b e d  
an d  in  a l l  c a s e s  G i g a r t i n a  an d  r e d  c r u s t  w e re  a b s e n t ,  an d  a l l  s t r i p s  
w e re  c o v e re d  b y  F ucus p l a n t s  a s  shown i n  p l a t e s  ( 8 ) ,  ( 9 ) a n d  ( l O ) .
M a rs h a l l  e t  a l  (1 9 4 9 ) r e p o r t e d  t h a t  G i g a r t i n a  fronds 0 .^  -  1 .0  cm 
i n  l e n g t h  r e a p p e a r e d  6 m onths a f t e r  t h e  d a te  o f  c l e a r i n g  t h e  a r e a .
The e x p e r im e n t  o f  M a r s h a l l  e t  a l  (1 9 4 9 ) was made i n  J u l y  an d  th e y  
s t e r i l i s e d  t h e  a r e a  u s in g  a  s o l u t i o n  o f  m e r c u r ic  c h l o r i d e  a f t e r  s c r a p in g  
t h e  s u r f a c e  o f  t h e  r o c k s .  H ruby (1 9 7 7 ) s c r a p e d ,  b r u s h e d  a n d  b u rn e d  
s m a l l  a r e a s  a t  Toment End on t h e  n o r th e r n  s id e  o f  Cum brae I s l a n d ,  
h e  fo u n d  s i m i l a r  r e s u l t s  t o  M a r s h a l l  e t  a l  (1 9 4 9 ) .
Two s u c c e s s iv e  s t r i p s  w e re  c l e a r e d  a t  Tom ont End i n  J u l y  1 9 7 7 .
On one s t r i p  t h e  s u r f a c e  was c l e a r e d  o f  p l a n t s  b y  s c r a p i n g  an d  b r u s h i n g ,  
w h i l s t  t h e  o t h e r  was c l e a r e d  b y  s c r a p i n g ,  b r u s h i n g ,  b u r n in g  an d  f o r m a l in  
s o l u t i o n  was p o u re d  on i t .
A f t e r  o n ly  4 m on ths from  t h e  d a te  o f  c l e a r i n g  t h e  s t r i p s ,  t h e  f i r s t
P l a t e  7 : Showing s t r i p  N o . l ,  c l e a r e d  a t  D avy 's  Rock
in  F eb ru a ry  1976.
P l a t e  8: Showing s t r i p  N o .2 ,  c l e a r e d  a t  D avy’s Rock
in  June  1976.
P l a t e  9 : Showing s t r i p  N o .3 , c l e a r e d  a t  D avy 's  Rock
in  Septem ber 1976.
P l a t e  1 0 :  S how ing  s t r i p  N o .4 ,  c l e a r e d  a t  D a v y 's  Rock
i n  A p r i l  1977*
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s t r i p  w h ich  was n o t  h u m e d  an d  h a d  no f o r m a l in  s o l u t i o n  p o u re d  on i t , 
was c o v e re d  h y  a  c a r p e t  o f  g e rm lin g s  o f  G i g a r t i n a  [ s e e  p l a t e  ( l l ) [ j  . 
The r e s u l t  a g re e d  w i th  t h e  r e s u l t s  o f  M a r s h a l l  e t  a l  (194-9) a n d  H ruby 
(1 9 T T ). The o t h e r  s t r i p  w h ich  was b u rn e d  an d  h a d  f o r m a l in  s o l u t i o n  
p o u re d  on i t  was s t i l l  b a r e  a f t e r  k  m onths [ s e e  p l a t e  (12.)]. , ,T h is  
r e s u l t  a g re e d  w i th  t h e  p r e v io u s  r e s u l t s  o b ta in e d  a t  D avy’ s Rock and  
a l s o  a g re e d  w i th  t h e  r e s u l t  o b t a in e d  b y  B u m s (1971 ) who made s i m i l a r  
e x p e r im e n ts  i n  New H am p sh ire  i n  U .S .A . an d  fo u n d  t h a t  p l a n t s  o f  
G i g a r t i n a  n e e d  m ore t h a n  3 y e a r s  t o  r e c o l o n i s e  th e m s e lv e s .
5 .3  R e g e n e ra t io n  :
R e g e n e r a t iv e  g ro w th  o f  t h a l i u s  f ra g m e n ts  o f  r e d  a lg a e  i s  a  w e l l -  
known phenom enon. The a b i l i t y  o f  m in u te  f r a g m e n ts ,  w h ic h  h a v e  o v e r ­
w in t e r e d  o r  s u r v iv e d  th ro u g h  some o t h e r  a d v e rs e  p e r i o d ,  o f t e n  b u r i e d  
u n d e r  a  m ass o f  s a n d  o r  o t h e r  d e b r i s ,  t o  p ro d u c e  new t h a l l i  as  so o n  
as c o n d i t io n s  im p ro v e  i s  one o f  t h e  m ost s i g n i f i c a n t  r e a s o n s  f o r  t h e  
p e r s i s t e n c e  o f  r e d  a lg a e  b o th  i n  f r e s h w a te r  an d  t h e  s e a  (D ixon  1 9 7 3 ) .  
Boney (1 9 7 4 ) r e p o r t e d  t h a t  when d e ta c h e d  from  a c t i v e l y  g ro w in g  p l a n t s  
t h e  f ra g m e n ts  d e m o n s tra te  a  c l e a r - c u t  p o l a r i t y  and  g ro w th  p ro c e e d s  
e i t h e r  from  new ly  e s t a b l i s h e d  o r  fro m  e x i s t i n g  a p i c a l  c e l l s  , t h e  
fo rm e r  a r i s i n g  on t h e  en d  f a c i n g  t h e  ap ex  o f  t h e  o r i g i n a l l y  i n t a c t  
p l a n t ,  an d  r h i z o i d s  w i l l  a r i s e  fro m  any p a r t ,  o f  t h e  p l a n t  f ra g m e n t 
s u r f a c e  i n  c o n ta c t  w i th  t h e  s u b s t r a tu m . V ery  s m a l l  f ra g m e n ts  (e v e n  
i n d i v i d u a l  c e l l s  as  i n  G r i f f i t h s i a  c o r a l l i n o i d e s  (L . ) B a t t . )  can  s e r v e  
as  s o u rc e s  o f  new p l a n t  m a t e r i a l  (K onard -H aw kins 1 9 6 4 a ,b , 1 9 6 8 ) . As 
o b s e rv e d  b y  Boney (1 9 7 4 ) t h e  e x c is e d  p s e u d o - l a t e r a l s  o f  H e te r o s ip h o n ia  
p lu m o sa  ( E l l i s )  B a t t .  show ed r h i z o i d  f o rm a t io n  e i t h e r  fro m  t h e  r e g io n
P l a t e  11: Shoving th e  s t r i p  c l e a r e d  in  J u ly  1977 a t
Tomont End by s c r a p in g  and b ru s h in g  th e  a re a .
P l a t e  12 :  Show ing s t r i p  c l e a r e d  i n  J u ly  1977 a t
Tomont End by  s c r a p i n g ,  b r u s h i n g ,  b u r n in g  and  
f o rm a l in  p o u re d  on th e  s t r i p .
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o f  t h e  r h i z o i d  i n  c lo s e  p r o x im i ty  t o  a  b a s a l  c e l l  o r  d i r e c t l y  from  t h e  
b a s a l  c e l l .
P e r ro n e  an d  F e l i c i n i  (1 9 7 2 ) fo u n d  t h a t  when c u t  i n t o  seg m en ts  
t h e  f ro n d s  o f  P e tro g lo s s u m  n ic a e e n s e  (Lam our. ex  Duby) S c h o t t e r  g iv e  
r i a e  t o  a d v e n t i t i o u s  b u d s  w h ich  a r e  p ro d u c e d  d i s t a l l y  b y  p r o l i f e r a t i n g  
a c t i v i t y  o f  e r e c t  f ro n d s  w h i le  t h e  c r e e p in g  a x es  a r e  fo rm ed  from  t h e  
r e g e n e r a t e d  b u d s .  T hese  f a c t s  c l e a r l y  i n d i c a t e  a  p o l a r i s a t i o n  in  
t h e  d e v e lo p m en t o f  t h e  a lg a e  an d  s u g g e s t  t h a t  c o r r e l a t i o n  m echanism s 
a r e  o p e r a t i v e  i n  t h i s  s p e c i e s .  F e l i c i n i  and  P e r ro n e  (1 9 7 2 ) and  
P e r ro n e  an d  F e l i c i n i  (1 9 7 ^  fo u n d  t h a t  t h e  o l d e r  p l a n t s  o f  P e tro g lo s s u m  
n ic a e e n s e  t e n d  t o  p ro d u c e  num erous p r o l i f e r a t i o n s  a r i s i n g  from  t h e  
m a rg in  o f  t h e  l e a f y  f ro n d s  an d  rem o v in g  t h e  d i s t a l  p o r t i o n  o f  e r e c t  
f r o n d  o f  t h i s  a lg a  in d u c e s  o u tg ro w th  o f  a d v e n t i t i o u s  b r a n c h e s .
They a l s o  fo u n d  t h a t  c e s s a t i o n  o f  a p i c a l  g ro w th  i n  o l d e r  f ro n d s  i s  
c h a r a c t e r i s e d  b y  o u tg ro w th  o f  m a r g in a l  p r o l i f e r a t i o n s .  B o th  
r e g e n e r a t io n  and  p r o l i f e r a t i o n  a r e  a f f e c t e d  b y  N i t r o g e n  s t a r v a t i o n  
an d  b y  a d d i t i o n  o f  lAA.
R e g e n e ra t io n  s t u d i e s  on G i g a r t i n a  h av e  n o t  b e e n  i n v e s t i g a t e d  
e x t e n s i v e l y .  H ow ever, M a rs h a l l  e t  a l  (1 9 ^9 ) r e p o r t e d  t h a t  t h e  dam aged 
p l a n t s  o f  G i g a r t i n a  s t e l l a t a  h a v e  b e e n  fo u n d  t o  b e  c a p a b le  o f  fo rm in g  
new b r a n c h e s  an d  r e g e n e r a t io n  n o rm a lly  t a k e s  p l a c e  fro m  t h e  w ounded 
s u r f a c e s  i f  p a r t s  o f  t h e  t h a l l u s  a r e  rem oved b y  i n j u r y  o r  b y  h a r v e s t i n g .  
T h e y .a ls o  fo u n d  i f  t h e  a p e x  o f  G i g a r t i n a  t h a l l u s  w i th  p a p i l l a e  i s  
w ounded , new g ro w th  d e v e lo p s  fro m  t h e  m e ris te m s  t h a t  w o u ld  n o rm a lly  
p ro d u c e  r e p r o d u c t iv e  p a p i l l a e  im m e d ia te ly  b e h in d  t h e  g ro w in g  p o i n t .
P e r ro n e  an d  F e l i c i n i  (1976 ) c u l t u r e d  seg m en ts  o f  G i g a r t i n a  
a c i c u l a r i s  (R o th )  Lam ouroux and  fo u n d  t h a t  t h e  seg m en ts  p ro d u c e d  tw o 
ty p e s  o f  b u d s :  ( l )  p r o l i f e r a t i o n  an d  (2 )  r e g e n e r a t i o n .  E i t h e r  one
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ty p e  o r  b o th  may b e  fo u n d  on c u t  s u r f a c e s .  S u i t a b l e  t r o p h i c  c o n d i t io n s  
i n c r e a s e  t h e  r e l a t i v e  f r e q u e n c y  o f  r e g e n e r a t i o n  i n  c o m p a r iso n  w i th  
p r o l i f e r a t i o n s  a n d  se g m e n ts  from  th e  d i s t a l  p a r t  o f  t h e  f r o n d  show a  
g r e a t e r  te n d e n c y  t o  p r o l i f e r a t e ,  w h i le  seg m e n ts  o f  b a s a l  p a r t  show 
m ore r e g e n e r a t i o n s .
The p r e s e n t  s tu d y  was i n i t i a t e d  on Novem ber 1 9 7 6 , b y  c u t t i n g  
p l a n t s  o f  tw o 0 .2 5  s q u a re  q u a d r a t s  a t  D a v y 's  Rock on Cum brae I s l a n d .  
P l a n t s  w e re  c u t  a t  t h e  m id d le  o f  t h e  s t a l k  a b o u t 2 cm fro m  t h e  b a s a l  
c u t , l e a v i n g  o n ly  p a r t s  o f  t h e  s t a l k  t o  r e g e n e r a t e .  V i s i t s  a t  
r e g u l a r  m o n th ly  i n t e r v a l s  w e re  m ade.
: .A f te r  3 m o n th s , t h e  c u t  f ro n d s  o f  G i g a r t i n a  h a d  d i s i n t e g r a t e d  
and  t h e  q u a d r a t s  w e re  d o m in a te d  b y  E n te ro m o rp h a  s p p . a n d  C la d o p h o ra  s p p . 
New g ro w th s  fro m  t h e  b a s a l  c r u s t  o f  G i g a r t i n a  h a d  a p p e a r e d  u n d e r  t h e  
c a r p e t  o f  t h e  g re e n  a l g a e ,  a n d  t h e s e  new grow ths w e re  g ro w in g  h e a l t h i l y  
a n d  o f  n o rm a l a p p e a r a n c e .  T h is  s u g g e s t s  t h a t  t h e  g ro w th  o f  g re e n  
a lg a e  was n o t  t h e  r e a s o n  f o r  t h e  d e a th  o f  th e  G i g a r t i n a  f r o n d s .
T h is  e x p e r im e n t  was r e p e a t e d  i n  J u l y  1 9 7 7 , b y  c u t t i n g  p l a n t s  o f  
two 0 .2 5  cm s q u a re  q u a d r a t s  i n  t h e  sam e r e g io n  o f  t h e  s h o r e  a t  D a v y 's  
Rock on Gumbrae I s l a n d .  I n  t h i s  e x p e r im e n t  t h e  t o p  2 cm w ere  c u t  
fro m  G i g a r t i n a  f ro n d s  l e a v i n g  p a r t  o f  t h e  f l a t t e n e d  f r o n d s  a s  w e l l  
a s  t h e  s t a l k .
R e s u l t s  o f  t h i s  e x p e r im e n t  show ed t h a t  p l a n t s  o f  G i g a r t i n a  
r e g e n e r a t e  v e r y  s lo w ly  i n  n a t u r e  and  t h e  new g ro w th  fro m  t h e  c u t  
s u r f a c e  re a c h e d ^ D o u t 2 cm i n  7 m onths fro m  t h e  d a te  o f  c u t t i n g  t h e  
f ro n d s  ( s e e  F ig u r e  ( l 3 ) , .
F o r  some r e a s o n ,  c e r t a i n  f ro n d s  ( o n ly  a b o u t 10-15% o f  t h e  t o t a l  
f ro n d s  i n  t h e  q u a d r a t )  d id  n o t  r e g e n e r a t e  from  t h e  c u t  s u r f a c e  b u t  
fo rm e d  num erous p r o l i f e r a t i o n s  from  t h e  m a rg in  o f  t h e  f r o n d s  ( s e e  
F ig u r e  ( l 4 ) ) .
R e g e n e ra t io n s  from  
c u t  s u r f a c e
*' ' 10 urn.
Figure l4:. Shows p r o l if e r a t io n  from th e  margin o f  
fron d s. Taken a f t e r  T months.
P r o l i f e r a t i o n s  from  th e  
m arg in  o f  f ro n d .
J 10 im.
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5 .4  D e te r m in a t io n  o f  r e p r o d u c t i v e  p e r i o d :
The aim  o f  t h i s  s tu d y  was t o  m e a su re  t h e  p e r i o d  o f  maximum s p o re  
d i s c h a r g e  o f  p l a n t s  o f  G i g a r t i n a  s t e l l a t a .
T h is  s tu d y  was commenced i n  Ju n e  1976 a n d  t h e  d e g re e  o f  f e r t i l i t y  
was m e a su re d  fro m  m o n th ly  c o l l e c t i o n  a s  d e s c r i b e d  i n  C h a p te r  2 , The 
e x p e r im e n t  was t e r m i n a t e d  i n  N ovem ber 1 9 7 7 , a f t e r  tw o p e a k s  o f  maximum 
s p o re  d i s c h a r g e  i n  tw o s u c c e s s iv e  y e a r s  w ere  o b t a in e d .
The r e s u l t s  a r e  su m m a rise d  i n  F ig u r e  ( 1 5 ) .  As shown fro m  t h i s  
f i g u r e  ;
1 . I n  t h e  d i f f e r e n t  p o p u la t io n s  o f  G i g a r t i n a  s t e l l a t a  t h e  maximum 
s p o re  d i s c h a r g e  o c c u r r e d  from  S e p te m b e r th ro u g h  D ecem ber.
A ls o  t h e  minimum p e r i o d  o f  s p o re  d i s c h a r g e  o c c u r r e d  fro m  A p r i l  
t h ro u g h  J u l y  i n  a l l  p o p u l a t i o n s .
2 . Maximum an d  minimum s p o re  d i s c h a r g e  p e r io d s  o c c u r r e d  i n  t h e  
same m on ths o v e r  tw o s u c c e s s iv e  y e a r s .
3 . P l a n t s  fro m  P o r t e n c r o s s  w e re  t h e  m o st f e r t i l e ,  w h i le  p l a n t s  o f  
Loch Long w e re  t h e  l e a s t  f e r t i l e  an d  p l a n t s  fro m  Cumbrae I s l a n d  
show an i n t e r m e d ia t e  d e g re e  o f  f e r t i l i t y .
4 . I n  a l l  p o p u l a t io n s  a  s m a l l  num ber o f  p l a n t s  b e a r i n g  a  few  f e r t i l e  
p a p i l l a e  w e re  fo u n d  th r o u g h o u t  t h e  y e a r .
R e s u l t s  o f  t h i s  s tu d y  a g re e d  w i th  t h e  r e s u l t s  o b t a i n e d  b y  
M a r s h a l l  e t  a l  (1 9 4 9 ) who fo u n d  t h a t  t h e  maximum p e r i o d  o f  G i g a r t i n a  
s p o re  d i s c h a r g e  a p p e a r s  t o  b e  from  S e p tem b e r t o  D ecem ber. B u rns (1 9 7 1 ) 
r e p o r t e d  t h a t  t h e  p e r i o d  o f  maximum s p o re  d i s c h a r g e  o f  G i g a r t i n a  s t e l l a t a  
i n  New H am p sh ire  ( U . S . A . )  was fro m  O c to b e r  th ro u g h  D ecem ber. B urns
F ig u re  15 : Shows t h e  maximum a n d  minimum s p o re  d i s c h a r g e
o f  p l a n t s  o f  G i g a r t i n a  fro m  th e  d i f f e r e n t  
l o c a l i t i e s  i n  t h e  F i r t h  o f  C ly d e .
•  p l a n t s  from  Loch Long 
Y p l a n t s  from  Cumbrae I s l a n d  
■ p l a n t s  from  P o r te n c r o s s
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and  M a th ie so n  (1 9 7 2 ) s t u d i e d  t h e  s e a s o n a l  p e r i o d i c i t y  o f  r e p r o d u c t i o n  
i n  p l a n t s  o f  G i g a r t i n a  fro m  New H a m p sh ire , a n d  fo u n d  t h a t  t h e  c y s to c a r p i c  
p a p i l l a e  d e v e lo p e d  on f ro n d s  d u r in g  l a t e  J u n e  and  J u l y  a n d  t h e  maximum 
num ber o f  p a p i l l a e  p e r  p l a n t  was r e c o r d e d  d u r in g  S e p te m b e r  th ro u g h  
D ecem ber. They a l s o  a d d e d  t h a t  few  p a p i l l a e - b e a r i n g  t h a l l i  w e re  fo u n d  
th r o u g h o u t  m ost o f  t h e  y e a r .
I t  h a s  a l s o  b e e n  r e p o r t e d  b y  M cConnel (1977 ) t h a t  r e p r o d u c t i v e  
p a p i l l a e  o f  G i g a r t i n a  s t e l l a t a  from  A n g le s e y , N o r th  W ales w e re  o b s e rv e d  




6 .1  C u l tu re  o f  f ro n d s  o f  G i g a r t i n a  s t e l l a t a
The m o rp h o lo g ic a l  v a r i a b i l i t y  i n  G i g a r t i n a  d i s c u s s e d  so  f a r  can  
b e  r e l a t e d  t o  t h e  e f f e c t  o f  e n v ir o n m e n ta l  c o n d i t io n s  a s  w e l l  a s  t o  
i n h e r i t e d  c h a r a c t e r s .  To i n v e s t i g a t e  some a s p e c t s  o f  t h e  v a r i a b i l i t y  
o b s e r v e d ,  c u l t u r e  e x p e r im e n ts  w e re  c a r r i e d  o u t  i n  w h ich  e x p e r im e n ta l  
c o n d i t io n s  s i m u l a t in g  some e n v ir o n m e n ta l  f a c t o r s  w ere  e x a m in ed .
C u l tu r e  s t u d i e s  on G i g a r t i n a  f ro n d s  do n o t  seem  t o  h a v e  b e e n  
i n v e s t i g a t e d  e x t e n s i v e l y .  B u m s ( l 9 7 l )  and  B u m s an d  M a th ie so n  
( 1 9 7 2 ) c u l t u r e d  t h e  v e g e t a t i n e  d i s c s  rem oved b y  a  c o rk  b o r e r  fro m  
th e  t h i n  f l a t t e n e d  p o r t i o n  o f  t h e  t h a l l i  o f  G i g a r t i n a  s t e l l a t a  and  
t h e  r e l a t e d  s p e c i e s  C hondrus c r i s p u s  i n  o r d e r  t o  s tu d y  t h e  e f f e c t  o f  
e n v ir o n m e n ta l  f a c t o r s  on t h e  p h o to s y n th e s i s  an d  r e s p i r a t i o n  r a t e s  
o f  t h e  v e g e t a t i v e  f ro n d s  o f  t h e  tw o s p e c i e s .  They fo u n d  t h a t  f o r  
G i g a r t i n a  s t e l l a t a  t h e  maximum p h o t o s y n t h e s i s / r e s p i r a t i o n  r a t i o s  
w ere  r e c o r d e d  a t  20^C and  a t  k O % é  a n d  l i g h t  s a t u r a t i o n  i n t e n s i t y  f o r  
p h o to s y n th e s i s  o f  G i g a r t i n a  i s  h i g h e r  th a n  t h a t  f o r  many s u b l i t t o r a d  
p l a n t s .  They a l s o  fo u n d  t h a t  G i g a r t i n a  e x h i b i t e d  a  b r o a d  t o l e r a n c e  
t o  d e h y d r a t io n .  N e is h  and  S h a c k lo c k  ( l 9 7 l )  a n d  N e is h  an d  Fox (1 9 7 1 ) 
grew  d e ta c h e d  p l a n t s  o f  C hondrus c r i s p u s  l a c k i n g  h o l d f a s t s  i n  l a r g e  
c u l t u r e  t a n k s  i n  a  g r e e n h o u s e .  T h e i r  i n v e s t i g a t i o n  in c lu d e d  t h e  
e f f e c t  o f  f l u s h i n g  w i th  f r e s h l y  pumped s e a w a te r  a n d  t u r b u l e n c e ,  an d  t h e  
e f f e c t  o f  a d d in g  f e r t i l i z e r s  i n  s e v e r a l  c o m b in a t io n s .  They n o t  o n ly  
fo u n d  t h a t  t h e  d e ta c h e d  w h o le  p l a n t s  o f  C hondrus c r i s p u s  c o n t in u e d  t o  
grow i n  c u l t u r e ,  b u t  a l s o  t h a t  p i e c e s  o f  C hondrus t h a l l u s  w o u ld  a l s o  
c o n t in u e  t o  grow . B r in h u is  an d  J o n e s  (1 9 7 ^) s t u d i e d  t h e  p h o to s y n th e s i s
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i n  w h o le  p l a n t s  o f  C hondrus c r i s p u s  h y  ^^C u p t a k e . They c u l t u r e d  p l a n t s  
o f  C hondrus 5~10 cm lo n g  in  50 ^ c u l t u r e  ta n k s  s u p p l i e d  w i th  r u n n in g  
s e a w a te r .  R e s u l t s  o f  t h i s  e x p e r im e n t  show ed a  d i r e c t  r e l a t i o n s h i p  
b e tw e e n  l i g h t  i n t e n s i t y  an d  te m p e r a tu r e  i n  te rm s  o f  r a t e  o f  p h o to ­
s y n th e s i s  i n  t h i s  a l g a .
I n  t h e  p r e s e n t  e x p e r im e n ts  10 h e a l t h y  c le a n e d  f ro n d s  o f  a b o u t 
2 cm lo n g  w e re  p l a c e d  i n  a  c u l t u r e  t a n k  c o n ta in in g  5 ^ o f  t h e  e n r i c h e d  
s e a w a te r  m edium . A l l  e x p e r im e n ts  w e re  d u p l i c a t e d  b y  c u l t u r i n g  two 
t a n k s  u n d e r  t h e  same c o n d i t i o n s .  D e t a i l s  o f  c u l t u r e  m ethods a r e  
d e s c r ib e d  i n  C h a p te r  2 .
6 . 1 . 1  A sse ssm e n t o f  g ro w th  o f  p l a n t s  o f  G i g a r t i n a
Grow th o f  t h e  v e g e t a t i v e  f ro n d s  o f  G i g a r t i n a  was a s s e s s e d  b y  
two m e th o d s : ( l )  by  i n c r e a s e  in  f r e s h  w e ig h t  an d  (2 )  b y  i n c r e a s e
i n  s u r f a c e  a r e a .  D e t a i l s  o f  t h e  tw o m ethods a r e  d e s c r i b e d  in  
C h a p te r  2 ,  p a g e  ( 2 8 ) .  As shown i n  F ig u re  l 6  t h e  i n c r e a s e  i n  f r e s h  
w e ig h t  i s  f a i r l y  a c c u r a te  an d  t h e  t h r e e  r e p l i c a t e s  o f  t h i s  e x p e r im e n t  
show no s i g n i f i c a n t  d i f f e r e n c e s .  F u r th e r m o r e ,  i t  i s  a  q u i c k e r  m ethod  
o f  m a n ip u la t io n  and  does no harm  t o  t h e  p l a n t s .  On t h e  o t h e r  h a n d  
a s s e s s m e n t  o f  t h e  g ro w th  b y  i n c r e a s e  i n  s u r f a c e  a r e a  a s  shown in  
F ig u re  IT  w as n o t  o n ly  d i f f i c u l t  t o  m a n ip u la te  b u t  a l s o  t h e  r e p l i c a t e s  
v a r i e d  a p p r e c ia b ly  a n d  t h e  g ro w th  was n o t  s t e a d y .  T h e r e f o r e  i n  a l l  
f u t u r e  e x p e r im e n ts  t h e  g ro w th  was a s s e s s e d  b y  t h e  i n c r e a s e  i n  f r e s h  
w e ig h t .
F ig u re  l 6 :  Shows g ro w th  r a t e  o f  G i g a r t i n a  f ro n d s  a s s e s s e d
b y  an  i n c r e a s e  i n  f r e s h  w e ig h t .
B a rs  r e p r e s e n t  8 . D .  o f  t h e  t h r e e  r e p l i c a t e s  i n  



















Figure IT: Shows growth ra te  o f  G igartina fronds a ssessed
by an in crea se  in  surface area.
Bars represen t th e S.D.  o f  the th ree  r e p lic a te s  
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6 .1 .2  C u l tu re  o f  G i g a r t i n a  c o l l e c t e d  fro m  th e  d i f f e r e n t  l o c a l i t i e s  u n d e r  
t h e  same c o n d i t io n s  :
The a im  o f  t h i s  e x p e r im e n t  was t o  s e e  i f  p l a n t s  o f  G i g a r t i n a  
c o l l e c t e d  fro m  th e  d i f f e r e n t  l o c a l i t i e s  show t h e  same g ro w th  r e s p o n s e s  
when c u l t u r e d  u n d e r  s i m i l a r  c o n d i t i o n s ,  i . e .  i f  t h e r e  i s  any  g e n e t i c  
v a r i a b i l i t y  i n  p l a n t s  fro m  d i f f e r e n t  l o c a l i t i e s .
F o r  t h i s  p u r p o s e ,  f ro n d s  o f  p l a n t s  o f  G i g a r t i n a , c o l l e c t e d  fro m  
Cumbrae I s l a n d ,  Loch Long a n d  P o r t e n c r o s s , w ere  c u l t u r e d  u n d e r  t h e  
same l a b o r a t o r y  c o n d i t io n s  a t  12^C , 2 4 0 G lu x ,d a y le n g th  o f  12 h o u r s ,  
s a l i n i t y  o f  32^© an d  f u l l y  subm erg ed  i n  t h e  e n r i c h e d  s e a w a te r  m edium .
R e s u l t s  o f  t h i s  e x p e r im e n t  w h ich  a r e  su m m arised  i n  F ig u r e  l 8  
show t h a t  p l a n t s  fro m  Loch Long h av e  s lo w e r  g ro w th  r a t e s  th a n  p l a n t s  
c o l l e c t e d  fro m  t h e  o t h e r  l o c a l i t i e s .  P l a n t s  c o l l e c t e d  fro m  Cumbrae 
I s l a n d  and  P o r te n c r o s s  d id  n o t  show any  s i g n i f i c a n t  d i f f e r e n c e s  i n  
g ro w th  r a t e  when c u l t u r e d  u n d e r  t h e  same c o n d i t i o n s .  P l a n t s  fro m  
a l l  t h e  t h r e e  l o c a l i t i e s  grew  h e a l t h i l y  f o r  t h e  w h o le  p e r i o d  o f  
e x p e r im e n t .
To some e x t e n t  t h e s e  r e s u l t s  a g re e d  w i th  t h e  o b s e r v a t io n  o b ta in e d  
from  th e  f i e l d  t r a n s p l a n t  e x p e r im e n ts  w h ich  show ed t h a t  when p l a n t s  o f  
G i g a r t i n a  fro m  Cumbrae I s l a n d  w ere  t r a n s p l a n t e d  t o  P o r te n c r o s s  an d  
v i c e  v e r s a ,  p l a n t s  i n  t h e  tw o l o c a l i t i e s  w e re  g ro w in g  h e a l t h i l y  and  
a s  w e l l  as t h e  u n d i s t u r b e d  p l a n t s  o f  t h e  tw o l o c a l i t i e s . When 
p l a n t s  from  Cumbrae I s l a n d  a n d  P o r te n c r o s s  w ere  t r a n s p l a n t e d  t o  Loch 
L ong , a l th o u g h  th e y  s u r v iv e d  t h e y  came t o  r e s e m b le  t o  ‘n a t i v e ’ p l a n t s  
o f  t h e  new h a b i t a t  much s o o n e r .  On t h e  o th e r h a n d ,  when p l a n t s  from  
Loch Long w e re  t r a n s p l a n t e d  t o  Cumbrae I s l a n d  o r  P o r t e n c r o s s ,  a l th o u g h
F ig u re  l 8 :  Shows g ro w th  r a t e s  o f  p l a n t s  o f  G i g a r t i n a
c o l l e c t e d  fro m  d i f f e r e n t  l o c a l i t i e s  and  
c u l t u r e d  u n d e r  t h e  same c o n d i t i o n s .
B a rs  r e p r e s e n t  t h e  S .D . o f  t h e  d u p l i c a t e  
e x p e r im e n ts .
#  p l a n t s  c o l l e c t e d  from  Loch Long 
▼ p l a n t s  c o l l e c t e d  from  Cumbrae I s l a n d  
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many h a v e  "been w ashed  away b y  h e a v y  s e a s , t h e  r e m a in in g  p l a n t s  
( e s p e c i a l l y  a t  Cumbrae I s l a n d )  h a v e  re s e m b le d  t h e  p l a n t s  i n  t h e i r  
o r i g i n a l  l o c a l i t y .  The r e s u l t s  o f  t h i s  e jq )e rim e n t s u g g e s t  a  
p o s s i b l e  g e n e t i c  v a r i a b i l i t y  i n  p l a n t s  from  Loch L ong.
To t e s t  t h e  r o l e  o f  e n v ir o n m e n ta l  c o n d i t io n s  on g ro w th  o f  
f ro n d s  o f  G i g a r t i n a , a  s e r i e s  o f  e x p e r im e n ts  w e re  c a r r i e d  o u t  i n  
w h ich  f ro n d s  o f  G i g a r t i n a  c o l l e c t e d  fro m  th e  one l o c a l i t y  (Cum brae 
I s l a n d )  w e re  c u l t u r e d  u n d e r  d i f f e r e n t  l a b o r a t o r y  c o n d i t i o n s  ;
( a )  C u l tu r e  o f  G i g a r t i n a  f ro n d s  u n d e r  d i f f e r e n t  s a l i n i t i e s
F iv e  d i f f e r e n t  s a l i n i t i e s  , 8 ^ 0 , l 6 ^  , Z k %  , an d  32^o ) w ere
p r e p a r e d  b y  d i l u t i n g  'n o r m a l ' s e a w a te r  (32%o) w i th  d i s t i l l e d  w a te r .  
U nder e a ch  o f  t h e s e  s a l i n i t i e s  f ro n d s  o f  G i g a r t i n a  w e re  c u l t u r e d  a t  
1 2 °C , 2 ^ 0 0  l u x ,  a  day l e n g t h  o f  1 2  h o u r s  a n d  f u l l y  su b m erg ed  i n  t h e  
e n r i c h e d  s e a w a te r  m edium .
R e s u l t s  o f  t h i s  e x p e r im e n t  a r e  i l l u s t r a t e d  i n  T a b le  1 and  
F ig u r e  19* As shown from  t h e s e  d a t a ,  i n c r e a s e s  i n  g ro w th  r a t e  o f
f ro n d s  o f  G i g a r t i n a  w ere  o b t a in e d  i n  a l l  s a l i n i t i e s  fro m  8% o  -  3 2 ^  . 
A t t h e  v e iy  r e d u c e d  s a l i n i t y  { k % o  )  f ro n d s  becam e p a l e  i n  c o lo u r  and  
many o f  t h e  f ro n d s  l o s t  t h e i r  r i g i d i t y  an d  s t a r t e d  t o  d i s i n t e g r a t e  
a f t e r  o n ly  t h r e e  w e e k s . The g ro w th  r a t e  was a l s o  s lo w  a t  a  s a l i n i t y  
o f  Q % o  , an d  a l th o u g h  f ro n d s  becam e p a le  in  c o l o u r ,  t h e y  s u r v iv e d  
t h i s  low  s a l i n i t y  f o r  a  l o n g e r  p e r i o d .  A f t e r  8  w eeks , some h a d  l o s t  
t h e i r  r i g i d i t y  an d  s t a r t e d  t o  d i s i n t e g r a t e .  W h il s t  t h e  p l a n t s  
t o l e r a t e d  im m ers io n  i n  m ed ia  o f  l 6 ^o f o r  t h e  w h o le  p e r i o d  o f  t h e  
e x p e r im e n t ,  g ro w th  was much s lo w e r  t h a n  a t  any o t h e r  h i g h e r  s a l i n i t y .  
The r e s u l t s  show ed a l s o  t h a t  t h e r e  w ere  no  s i g n i f i c a n t  d i f f e r e n c e s
6l
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F ig u re  19 : Shows g ro w th  r a t e s  o f  G i g a r t i n a  f ro n d s  c u l t u r e d
a t  v a r io u s  s a l i n i t i e s .
B a rs  r e p r e s e n t  t h e  S .D . o f  t h e  d u p l i c a t e  
e x p e r im e n ts .
•  a t  'h % o  
▼ a t  8 ^ 0  
■ a t  l 6 /2#
O a t  '^\%c 
















i n  g ro w th  r a t e s  o f  G i g a r t i n a  a t  2^%o an d  3 2 ^ o .
T h ese  r e s u l t s  s u g g e s t  t h a t  G i g a r t i n a  p l a n t s  a r e  a b le  t o  grow
a t  r e l a t i v e l y  low  s a l i n i t i e s ,  h u t  n o t  i n  h r a k i s h  w a te r  s i t u a t i o n s .
A t Loch Long t h e  p l a n t s  may h e  c o v e re d  w i th  w a te r  o f  v e r y  low
s a l i n i t y  h u t  o n ly  f o r  s h o r t  p e r i o d s .  ,
( h ) C u l tu r e  o f  G i g a r t i n a  f ro n d s  u n d e r  d i f f e r e n t  i l l u m i n a t i o n s
The v a r io u s  i l l u m i n a t i o n s  t e s t e d  w ere  UOO l u x ,  6 0 0 .'lu x , 800 l u x ,  
1200 l u x ,  2400 l u x  an d  3000 lu x  a t  12*^C, a  d a y lè n g th  o f  12 h o u r s ,  a  
s a l i n i t y  o f  32^ q an d  t h e  f ro n d s  f u l l y  subm erged  in  t h e  e n r i c h e d  
s e a w a te r  m edium .
R e s u l t s  o f  t h e s e  e x p e r im e n ts  a r e  i l l u s t r a t e d  i n  F ig u r e  2 0 , and  
su m m arised  i n  T a b le  2 .  As i s  c l e a r  from  th e s e  d a t a ,  f ro n d s  o f  
G i g a r t i n a  e x h i b i t e d  an  i n c r e a s e  i n  g ro w th  c o r r e l a t e d  w i th  t h e  i n c r e a s e  
i n  i l l u m i n a t i o n s  fro m  ^00 l u x  t o  3000 l u x .  I n  s p i t e  o f  t h e  v a r i a t i o n  
i n  g ro w th  r a t e ,  G i g a r t i n a  seem ed  t o  grow h e a l t h i l y  a t  a l l  l e v e l s  o f  
i l l u m i n a t i o n .  The maximum g ro w th  (320% i n c r e a s e  i n  f r e s h  w e ig h t)  
was o b t a in e d  a t  2^00 -  3000 l u x .  At h a l f  t h i s  i l l u m i n a t i o n  l e v e l  
(1200 lu2^ f ro n d s  o f  G i g a r t i n a  e x h i b i t e d  an i n c r e a s e  o f  a b o u t 260^ in  
t h e i r  f r e s h  w e i g h t . ,  t h e r e f o r e  g ro w th  d id  n o t  show a  p r o p o r t i o n a l  
i n c r e a s e  r e l a t e d  t o  t h e  am ount o f  i l l u m i n a t i o n .  A t 1200 l u x ,  a f t e r  
5 w e e k s , t h e  tw o r e p l i c a t e s ,  a s  shown i n  F ig u re  20 , d i d  n o t  o v e r la p  
w i th  e a c h  o t h e r ,  a n d  some s i g n i f i c a n t  d i f f e r e n c e s  i n  g ro w th  r a t e  i n  
t h e  tw o  r e p l i c a t e s  w ere  o b t a in e d .
U nder i l l u m i n a t i o n s  o f  800 lu x  and  b e lo w , f r o n d s  n o t  o n ly  grew  
s lo w e r  b u t  becam e p a l e r  i n  c o lo u r  and  b y  t h e  en d  o f  t h e  p e r i o d  o f  
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F ig u r e  2 0 : Shows g ro w th  r a t e s  o f  G i g a r t i n a  f r o n d s  c u l t u r e d
a t  v a r io u s  i l l n m n a t i o n s .
B a rs  r e p r e s e n t  t h e  8 .D . o f  t h e  d u p l i c a t e  
e x p e r im e n t s .
e a t ItOO l u x
T a t 6 0 0 l u x
■ a t Boo l u x
o a t 1 2 0 0 l u x
V a t 2 UOO l u x





















t h e i r  r i g i d i t y  a n d  s t a r t e d  t o  d i s i n t e g r a t e .  The r e s u l t s  show ed a l s o  
t h a t  t h e r e  w ere  n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  g ro w th  r a t e s  o f  
G i g a r t i n a  f ro n d s  a t  2400 l u x  an d  3000 l u x .
( c )  C u l tu re  o f  G i g a r t i n a  f ro n d s  u n d e r  v a r io u s  d a y le n g th  re g im e s
The v a r io u s  d a y le n g th  re g im e s  t e s t e d  w ere  l i g h t / d a r k  t im e s  o f  
8 : 1 6 3  1 2 :1 2  an d  l 6 : 6 . T h ese  d a y le n g th  re g im e s  w e re  c o n t r o l l e d  
b y  an  a u to m a t ic  t im e  s w i tc h .  U nder e a ch  o f  t h e s e  d a y le n g th  re g im e s  
f ro n d s  o f  G i g a r t i n a  w e re  c u l t u r e d  a t  1 2 °C , 2400 l u x , a  s a l i n i t y  o f  
3 2 ^  and  f u l l y  subm erged  i n  t h e  e n r i c h e d  s e a w a te r  m edium .
R e s u l t s  a r e  i l l u s t r a t e d  i n  F ig u re  21 an d  su m m a rise d  i n  T a b le  3. 
D e t a i l s  o f  t h e  r e s u l t s  a r e  as f o l lo w s  :
1 ,  The maximum g ro w th  r a t e  was o b ta in e d  i n  d a y le n g th  o f  l 6 : 8  and  
th e  minimum g ro w th  r a t e  was o b ta in e d  in  t h e  s h o r t e s t  d a y le n g th  
r e g im e s .
2 , A t t h e  s h o r t e s t  d a y le n g th  re g im e  ( 8 : l 6 ) t h e  g ro w th  was much 
s lo w e r  f o r  t h e  f i r s t  5  w eeks a n d  th e n  g ro w th  show ed a  r a p i d  
i n c r e a s e ,  an d  b y  t h e  en d  o f  t h e  p e r i o d  o f  t h e  e x p e r im e n t  
g ro w th  u n d e r  t h i s  s h o r t  day r e a c h e d  t h e  same l e v e l  as  i n  th e  
d a y le n g th  o f  12 h o u r s . I n  f a c t  a s  shown i n  F ig u r e  2 1 ,  t h e r e  
w ere  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  g ro w th  r a t e s  u n d e r  
d a y le n g th  o f  1 2 : 1 2  an d  8 : l 6 .
3 , U nder a l l  d i f f e r e n t  d a y le n g th  r e g im e s ,  good g ro w th  o f  G ig a r t i n a  
was o b ta in e d .  Thus l i g h t  d u r a t i o n  does n o t  seem  t o  b e  a  
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F ig u r e  2 1 : Shows g ro w th  r a t e s  o f  G i g a r t i n a  f r o n d s  c u l t u r e d
u n d e r  v a r i o u s  d a y le n g th  r e g im e s .
B a rs  r e p r e s e n t  t h e  S .D . o f  t h e  d u p l i c a t e  
e x p e r im e n t s ,
V u n d e r  L i ^ t / d a r k ;  8 
■ u n d e r  L i g h t / d a r k ;  12 


















Maximuin g ro w th  o f  f ro n d s  o f  G ig a r t i n a  i s  c l e a r l y  o b t a in e d  i n  t h e  
lo n g  day r e g im e . T h is  e q u a te s  w i th  t h e  o b s e rv e d  p a t t e r n s  o f  g ro w th  
i n  n a t u r e ,  i n  t h a t  t h e  maximum g ro w th  i s  o b s e rv e d  i n  s p r i n g  and  
summer m on ths w h ere  t h e  day i s  l o n g e r .  S im i la r  f i e l d  o b s e r v a t io n s  w ere  
made b y  B u m s ( l9 T l )  a n d  P ybus (1 977 ) f o r  G i g a r t i n a  s t e l l a t a . O ver 
w eeks t h e  1 2 :12  re g im e  i s  s i m i l a r  b u t  t h e n  seem  t o  f a l l  o f f .
U nder t h e  s h o r t e s t  day reg im e  g ro w th  i s  s lo w e r  o v e r  5 w eeks th e n  
s t a r t s  t o  c a tc h  u p . I s  t h i s  a  m o b i l i z a t i o n  o f  r e s e r v e s ?
(d )  C u l tu r e  o f  G i g a r t i n a  f r o n d  u n d e r  v a r io u s  p e r i o d s  o f  subm erg en ce  
i n  s e a w a te r .
The v a r i o u s  p e r io d s  o f  su b m erg en ce  t e s t e d  w e re ;  U h o u rs  p e r  d a y ,
8 h / d ,  12 h / d ,  l 8  h / d  a n d  f u l l y  su b m erg ed . T h ese  p e r io d s  o f  subm erg en ce  
w ere  o b t a in e d  b y  t h e  t i d e  m ach in e  as d e s c r ib e d  i n  C h a p te r  2 ,  on p ag e  ( 3 0 ) .
U nder e a c h  o f  t h e s e  p e r io d s  , f ro n d s  o f  G i g a r t i n a  w e re  c u l t u r e d
a t  1 2 °C , an i l l u m i n a t i o n  o f  2^00 l u x ,  a  s a l i n i t y  o f  32^o and , when f u l l y  
subm erged^ i n  t h e  e n r i c h e d  s e a w a te r  medium.
R e s u l t s  o f  t h i s  e x p e r im e n t  a r e  shown i n  T a b le  k  an d  F ig u r e  2 2 .
As i s  c l e a r  fro m  t h e s e  r e s u l t s  good g ro w th  o f  G i g a r t i n a  f ro n d s  was 
o b ta in e d  i n  a l l  p e r io d s  o f  su b m e rg e n ce . H ow ever, t h e r e  was a  g r a d u a l  
i n c r e a s e  i n  g ro w th  r a t e  fro m  k  h / d  t o  f u l l  su b m e rg e n c e . A lth o u ^ c  , 
t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e s  i n  g ro w th  r a t e  u n d e r  l 8  h / d  
and  f u l l  su b m e rg e n c e , t h e  b e s t  g ro w th  was o b s e rv e d  a t  18  h / d .
G e n e r a l ly ,  t h e s e  r e s u l t s  a g re e d  w i th  f i e l d  o b s e r v a t io n  i n  many w ay s:
1 . The t o p  s h o re  p l a n t s  o f  G i g a r t i n a  i n  a l l  l o c a l i t i e s  a r e  s m a l l e r
i n  s i z e  t h a n  p l a n t s  g ro w in g  on t h e  lo w e r  s h o r e .
2 . I n  t h e  e x p o se d  l o c a l i t i e s  ( P o r t e n c r o s s  a n d  Cumbrae I s l a n d )
G i g a r t i n a  a r e  much l a r g e r  i n  s i z e  t h a n  p l a n t s  g ro w in g  in  t h e  
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F ig u re  22 : Shows g ro w th  r a t e s  o f  G i g a r t i n a  f ro n d s  c u l t u r e d
u n d e r  v a r io u s  p e r io d s  o f  su b m erg en ce  i n  
s e a w a te r .
B a rs  r e p r e s e n t  t h e  S .D . o f  t h e  d u p l i c a t e  
e x p e r im e n ts .
•  subm erged  f o r  k  h o u r s /d a y
V subm erged  f o r  8 h o u r s / day
■ subm erged  f o r  12 h o u r s /d a y
O subm erged  f o r  l 8  h o u r s / day












3 4  5
Time in Weeks
68.
6 .2  C u l tu r e  o f  s p o r e l i n g s  o f ' G i g a r t i n a
A c c o rd in g  t o  M a rs h a l l  e t  a l  ( 1 9 4 $ ) ,  E d e l s t e i n ,  Chen an d  M cL achlan
(1 9 7 4 ) a n d  R u en ess  (1 9 7 8 ) o n ly  s e x u a l  p l a n t s  o f  G i g a r t i n a  s t e l l a t a  
hav e  b e e n  fo u n d  i n  n o r th e r n  te m p e r a te  w a te r s  an d  m o st o f  t h e  r e c o r d s  
o f  t h e  m ale  p l a n t s  a r e  d o u b t f u l  an d  b e c a u s e  o f  t h e  l a c k  o f  a  t e t r a -  
s p o r i c  p h a s e ,  r e p r o d u c t io n  was assum ed  t o  b e  o n ly  by  m eans o f  
c a r p o s p o r e s .  The aim  o f  t h e s e  c u l t u r e  e x p e r im e n ts  w as t o  s tu d y  t h e  
e f f e c t s  o f  l a b o r a t o r y  in d u c e d  e n v iro n m e n ta l  f a c t o r s  on g ro w th  o f  
s p o r e l in g s  o f  G i g a r t i n a  s t e l l a t a . F o r  t h i s  p u rp o s e  s p o re s  o f  
G i g a r t i n a  s t e l l a t a  o b t a in e d  fro m  f e r t i l e  p a p i l l a e  c u t  fro m  m a tu re  
p l a n t s  f r e s h l y  c o l l e c t e d  fro m  t h e  s h o r e ,  w ere  c u l t u r e d  on g l a s s  
s l i d e s .  D e t a i l s  o f  c u l t u r e  m ethods a r e  d e s c r ib e d  i n  C h a p te r  2 ,
G la s s  s l i d e s  b e a r i n g  a t t a c h e d  s p o re s  w ere  p l a c e d  i n  c u l t u r e  
ta n k s  c o n t a i n i n g '5 A o f  e n r i c h e d  s e a w a te r  m edium . S p o r e l in g s  w ere  
grown a t  12^C , i l l u m i n a t i o n  o f  2400 l u x ,  d a y le n g th  o f  12 h o u rs  and  
a t  s a l i n i t y  o f  32^© . The medium was c h a n g ed  a t  f i r s t  tw ic e  a  
w eek and  l a t e r  e v e ry  w eek .
As shown in  p l a t e  ( I 3  ) s p o r e l in g s  o f  G i g a r t i n a  grew  h e a l t h i l y  
i n  t h e  c u l t u r e  medium f o r  a  p e r i o d  o f  5  m o n th s , a t  w h ic h  t im e  t h e  mean 
d ia m e te r  o f  s p o r e l in g s  r e a c h e d  O . 5  mm. The d i s c - l i k e  s p o r e l in g s  
th e n  becam e d e ta c h e d  fro m  t h e  g l a s s  s l i d e s  an d  l o s t  i n t o  t h e  
s u r r o u n d in g  m edium . I n  no  c a s e  d id  t h e s e  d i s c - l i k e  s p o r e l in g s  g iv e  
r i s e  t o  e r e c t  b r a n c h e s .  The s p o r e l in g s  o b t a in e d  fro m  c a rp o s p o r e s  
o f  G i g a r t i n a  s t e l l a t a  h a v e  b e e n  c o n s id e r e d  t h e  t e t r a s p o r o p h y t e .
Thus when W est (1 9 7 2 ) c u l t u r e d  t h e  t e t r a s p o r e s  o f  F e t r o c e l i s  
f r a n s i s c a n a  fro m  C a l i f o r n i a ,  h e  o b ta in e d  f e r t i l e  g a m e to p h y te s  w h ich  
re s e m b le d  G i g a r t i n a  a g a r d h i i . W est an d  P o la n s h e k  (1 9 7 2 ) c u l t u r e d
69.
t h e  c a rp o s p o r e s  o f  G i g a r t i n a  n a n i l l a t a  from  C a l i f o r n i a ,  t h e y  fo u n d  
some s p o re s  fo rm ed  c r u s t o s e  p l a n t s  w h ich  r e s e m b le d  F e t r o c e l i s  
a n a to m ic a l ly .  W e s t, F o la n s h e k  an d  G u iry  ( I 9 7 7 ) c u l t u r e d  t h e  
t e t r a s p o r e s  o f  F e t r o c e l i s  c r u e n t a  fro m  I r e l a n d ,  a n d  o b ta in e d  
g a m e to p h y te s . C a rp o sp o re s  from  t h e  g a m e to p h y te  gave  r i s e  t o  
F e t r o c e l i s - l i k e  c r u s t o s e  g r o w th s . They a l s o  s t a t e d  t h a t  G i g a r t i n a  
s t e l l a t a  r e p r e s e n t s  t h e  n a t u r a l l y  o c c u r r in g  g a m e to p h y te  o f  F e t r o c e l i s  
c r u e n t a  i n  I r e l a n d  a n d  p o s s i b l y  e ls e w h e r e .  M a r s h a l l  e t  a l  (1 9 4 9 ) 
o b t a in e d  o n ly  b a s a l  d i s c s  fro m  t h e  c a rp o s p o r e s  o f  G i g a r t i n a  s t e l l a t a  
and  t h e y  w ere  u n s u c c e s s f u l  i n  a s s o c i a t i n g  a  c r u s t o s e  s t a g e  w i th  
_G. s t e l l a t a . R ueness (1 9 7 8 ) fo u n d  t h a t  t h e  c a r p o s p o r e s  o f  G i g a r t i n a  
s t e l l a t a  fro m  t h e  w e s t  c o a s t  o f  Norway g e rm in a te d  as c r u s t o s e  d i s c s  
a t  12°C , an d  1 7 °C , 2 0 0 -3 0 0  l u x  a n d  I 5 OO lu x  a n d  u n d e r  a  p h o to p e r io d  o f  
L/D 1 6 ' . " E .  U nder t h e s e  c o n d i t io n s  t h e  c r u s t o s e  d i s c s  i n c r e a s e d  in  
d ia m e te r  th ro u g h  m a r g in a l  g ro w th , a t t a i n i n g  d ia m e te r s  o f  a b o u t  2 5  mm, 
a f t e r  4 y e a r s .  A t t h e  h i g h e r  l e v e l s  o f  t e m p e r a tu r e  a n d  l i g h t  
i n t e n s i t y ,  e r e c t  a x e s  w ere  fo rm ed  a n d  grew  t o  r e p r o d u c t i v e  m a t u r i t y  
i n  a b o u t 1 2  m onths w i th  o n ly  s l i g h t  i n c r e a s e  i n  t h e  d i s c  d ia m e te r s  
a f t e r  e s t a b l i s h m e n t  o f  e r e c t  a x e s .  T v e te r  an d  M a th ie so n  (1976 ) 
o b s e rv e d  a  h ig h  f re q u e n c y  o f  s p o r e l i n g  c o a le s c e n c e  when th e y  c u l t u r e d  
t h e  s p o r e l in g s  o f  G i g a r t i n a  s t e l l a t a . They s t a t e d  t h a t  t h e  s p o r e l i n g  
c o a le s c e n c e  i s  a s s o c i a t e d  w i th  an e a r l i e r  i n i t i a t i o n  a n d  g ro w th  o f  
e r e c t  f r o n d s .
S p o r e l in g s  o f  G i g a r t i n a  w ere  c u l t u r e d  on g ro u n d  g l a s s  s l i d e s  
u n d e r  t h e  same c u l t u r e  c o n d i t io n s  a s  p r e v i o u s ly  d e s c r i b e d .  S p o r e l in g s  
grew  h e a l t h i l y  an d  r e a c h e d  0 . 5  mm a f t e r  5  m onths ( p l a t e  1 3 ) and  
th e n  becam e d e ta c h e d  fro m  th e . g l a s s  s l i d e s  w i th  no  s ig n  o f  fo rm in g  
e r e c t  b r a n c h e s . The same r e s u l t s  w ere  o b ta in e d  when s p o r e l in g s  o f
DP la te  13 : Showing th e 5 months o ld  d is c - l ik e  sp o re lin g s
o f  G igartin a  s t e l l a t a .
X 170.
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G i g a r t i n a  s t e l l a t a  c o l l e c t e d  fro m  o t h e r  l o c a l i t i e s  i n  t h e  F i r t h  o f  
C lyde (L och Long a n d  P o r t e n c r o s s )  w ere  grown u n d e r  t h e  saisie c u l t u r e  
c o n d i t io n s  a s  d e s c r i b e d  a b o v e .
C o n ta m in a tio n  w i th  b a c t e r i a  an d  d ia to m s i s  a  common e x p e r ie n c e  
i n  a l l  c u l t u r e s , d e s p i t e  t h e  c a r e f u l  c le a n in g  o f  f e r t i l e  f ro n d s  w i th  
c a m e l - h a i r  b r u s h e s  p r i o r  t o  s p o re  s e t t l e m e n t s  a n d  a l s o  u s in g  t h e  
c le a n e d ,  b r u s h e d  p a p i l l a e  i n s t e a d  o f  t h e  f e r t i l e  f r o n d s .  An a n t i b i o t i c  
m ix tu re  c o n s i s t i n g  o f  200 y g / t  S tre p to m y c in  a n d  800 yg/& P e n i c i l l i n  
( 1 6 2 5  u n i t s /m g )  was fo u n d  t o  p r e v e n t  t h e  g ro w th  o f  b a c t e r i a .  A lso  
t h e  g ro w th  o f  b e n t h i c  d ia to m s  was e l i m i n a t e d  b y  u s in g  GeOg a t  
c o n c e n t r a t i o n  o f  5 mg/& o f  c u l t u r e  medium. S p o r e l in g s  o f  G i g a r t i n a  
s t e l l a t a  w ere  n o t  a f f e c t e d  by  t h e  u s e  o f  t h e  a n t i b i o t i c  m ix tu re  and  
GeOg. S p o r e l in g s  grew  as  h e a l t h i l y  a s  t h e  c o n t r o l ,  r e a c h in g  0 .5  mm 
i n  d ia m e te r  a f t e r  5 m o n th s .
S tu d ie s  on t h e  l i f e  h i s t o r y  o f  t h e  r e l a t e d  s p e c i e s  Chond ru s  
c r i s pus w ere  e s t a b l i s h e d  t h r e e - q u a r t e r s  o f  a  c e n tu r y  ag o  when D e rb y s h ir e  
( 1 9 0 2 ) d e s c r i b e d  t h e  g e rm in a t io n  o f  t e t r a s p o r e s  a n d  c a r p o s p o r e s  an d  
t h e  e a r l y  s t a g e s  o f  d e v e lo p m en t o f  t h e  b a s a l  d i s c .  S in c e  th e n  an 
enorm ous am ount o f  w ork  h a s  b e e n  p u b l i s h e d  a b o u t Chond ru s  c r i s p u s  
an d  enough in f o r m a t io n  i s  a v a i l a b l e  on t h e  l i f e  h i s t o r y  o f  t h i s  a l g a .  
T h e r e f o r e ,  t h e  c u l t u r e  o f  s p o r e l in g s  o f  Chond ru s  i s  n o t  o n ly  u s e f u l  
i n  c o m p a rin g  t h e  r e s u l t s  w i th  t h o s e  a l r e a d y  o b ta in e d  b y  G i g a r t i n a  b u t  
a l s o  t o  c h e ck  t h e  c u l t u r e  t e c h n iq u e .
S p o r e l in g s  fro m  c a r p o s p o r e s  o f  C hondrus c r i s p u s  c o l l e c t e d  fro m  
P o r t e n c r o s s ,  w e re  c u l t u r e d  u s in g  t h e  same c u l t u r e  m eth o d  a n d  u n d e r  
t h e  same c u l t u r e  c o n d i t io n s  as  p r e v i o u s ly  d e s c r i b e d .  The s p o r e l in g s  
w ere  fo u n d  t o  grow  much f a s t e r  th a n  th o s e  o f  G i g a r t i n a  s t e l l a t a .
A f t e r  o n ly  3 .5  m onths t h e  d i s c - l i k e  s p o r e l in g s  r e a c h e d  a  mean d ia m e te r
71.
o f  0 . 8  mm a n d  fo rm ed  t h e  f i r s t  c y l i n d r i c a l  e r e c t  b r a n c h e s  ( p l a t e  l 4 ) .
I n  t h e  p r e s e n t  e x p e r im e n ts  s p o r e l in g s  o f  C hondrus c r i s p u s  w ere  
grown b o th  i n  m ed ia  w i th  GeOg (2  m g /^  o f  c u l t u r e  m edium) a n d  in  
m ed ia  w i th o u t  a d d i t i o n  o f  t h e  d ia to m  i n h i b i t o r  a s  c o n t r o l s .  I t  was 
i n  t h e s e  c o n t r o l  c u l t u r e s  t h a t  c o n ta m in a t in g  b e n t h i c  d ia to m s  show ed 
p r o f u s e  g ro w th  on t h e  s l i d e s  e x c e p t  i n  t h e  v i c i n i t y  o f  t h e  C hondrus 
s p o r e l i n g s ,  a ro u n d  e a c h  o f  w h ic h  c l e a r  zones  c o u ld  b e  o b s e rv e d  a f t e r  
6  w e e k s . W ith  o l d e r  c r u s t s  ( a f t e r  2 .5  m on ths) t h e s e  c l e a r  zones  
w ere  p ro m in e n t  f e a t u r e s  o f  t h e  c u l t u r e  s l i d e s ,  ( p l a t e  I 5 ) , som etim es 
fo rm in g  an  i n t e r l i n k e d  s e r i e s  o f  c l e a r e d  a r e a s  when a  num ber o f  
j u v e n i l e  p l a n t s  w ere  g ro w in g  i n  c lo s e  p r o x im i ty .  The i n h i b i t i o n  
zone w o u ld  seem  t o  b e  a  c o m p le te  b a r r i e r  a g a in s t  i n v a s i o n  by  t h e  
d ia to m s . C r u s to s e  s p o r e l in g s  o f  t h e  r e l a t e d  r e d  a l g a  G i g a r t i n a  
s t e l l a t a  o f  s i m i l a r  age an d  s i z e  and  grown u n d e r  i d e n t i c a l  c o n d i t io n s  
d id  n o t  show t h i s  c l e a r  r a d i a l  zone  i n  t h e  p r e s e n c e  o f  an accom pany ing  
p o p u la t io n  o f  b e n th i c  d ia to m s .
The a n t i m i c r o b i a l  e f f e c t s  o f  m a r in e  a lg a e  h a v e  b e e n  r e v ie w e d  b y  
S i e b u r t h  (1964 ) en d  B u rk h o ld e r  and Sharm a ( 1 9 6 9 ) . The c o n c e p t  o f  a  
" c h e m ic a l  c la w s"  m echan ism  o f  i n t e r s p e c i f i c  c o m p e t i t io n  b e tw e e n  
m a c ro s c o p ic  m a r in e  a lg a e  was p ro p o s e d  b y  W alk e r a n d  S m ith  (1 9 4 8 ) in  
e x p la n a t io n  o f  t h e  a n t i b i o t i c  e f f e c t s  o f  e x u d a te s  o f  A sco p h y llu m  
nodosum  on z o o s p o re s  o f  L a m in a r ia  h y p e r b o r e a , and  t h e  dom inance  o f  
As c o p h y llu m  nodosum  i n  m id - s h o re  r e g io n s  o f  t h e  f u c o id  c o v e re d  s h o r e s .  
The a c t i v e  l i b r a t i o n  o f  p o ly p h e n o ls  (T a n n in s )  fro m  c e r t a i n  m a r in e  
a lg a e  h a s  b e e n  shown t o  in d u c e  s e v e r e  a n t i b i o t i c  e f f e c t s  on b a c t e r i a  
and  a lg a e  (L e w in , 1 9 6 2 ; C onover and  S i e b u r t h ,  I 9 6 6  ; M cL achlan  and  
C r a i g i e ,  1 9 6 4 , I 9 6 6 ) .  A n t i b a c t e r i a l  a c t i v i t y ,  w i th  some s e a s o n a l  
v a r i a t i o n ,  h a s  b e e n  r e p o r t e d  f o r  34 s p e c ie s  o f  r e d  a lg a e  ( i n c l u d in g
f
\
P l a t e  l 4 :  Show ing t h e  3 .5  m onths o ld  s p o r e l i n g s  o f  C hondrus
c r i s p u s , w i th  t h e  c y l i n d r i c a l  e r e c t  b r a n c h e s .
X25
m #
P l a t e  15 : Show ing s p o r e l in g  o f  Chondrus c r i s p u s  w ith
th e  c l e a r  zones a ro u n d  ea ch  s p o r e l in g .
X25
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O hondrus c r i s p u s ) ,  f i v e  s p e c i e s  .o f  g re e n  a lg a e  an d  1 5  s p e c i e s  o f  
brow n a lg a e  (H o rn se y  an d  H id e , 1 9 7 4 ) .  W ith  C hondrus a  w i n t e r  p e a k  
o f  a n t i b a c t e r i a l  a c t i v i t y  was o b s e rv e d  (H o rn sey  and  H id e ,  1 9 7 6 a ) . 
V a r ia t io n s  w ere  a l s o  o b s e rv e d  i n  a c t i v i t i e s  w i th  d i f f e r e n t  r e g io n s  o f  
t h a l l i ,  and  maximum a n t i b a c t e r i a l  a c t i v i t y  was o b ta in e d  fro m  t h e  
m e r i s t e m a t ic  a p ic e s  o f  C hondrus (H o rn se y  and  H ide  1 9 7 6 b ) .  F l e t c h e r
( 1 9 7 5 ) o b s e rv e d  t h a t  g ro w th  o f  t h e  c r u s t o s e  r e d  a lg a e  F o rp h y ro d is c u s  
s im u lo n s  B a t t ,  an d  R hondophysem a e le g a n s  ( C rovan f r a t .  e x  J .  A g .)
D ixon i n  c u l t u r e  was i n h i b i t e d  b y  e c t o c r i n e s  o f  R a l f s i a  s p o n g io c a r p a  
B a t t , ,  a  s p e c i e s  known t o  p ro d u c e  t a n n i n s  i n  c o n s id e r a b l e  q u a n t i t i e s  
i n  t i d e  p o o ls  ( C onover and  S i e b u r th  1966) . H o rn sey  an d  H ide  (1 974 ) 
r e p o r t e d  t h a t  t h a l l i  o f  G i g a r t i n a  s t e l l a t a  d id  n o t  show a n t i b a c t e r i a l  
a c t i v i t y  i n  c o n t r a s t  t o  t h e  m arked  a c t i v i t y  o f  C hondrus c r i s p u s .
W ith  C hondrus t h i s  a n t i b a c t e r i a l  a c t i v i t y  was g r e a t e r  i n  m e r i s t e m a t ic  
r e g io n  o f  t h e  t h a l l i .  The c r u s t o s e  g e rm lin g s  a l s o  show t h a t  t h i s  
a n t i b a c t e r i a l  a c t i v i t y  o f  t h e  m e r i s t e m a t ic  a r e a s  o f  C hondrus o c c u rs  
a t  A . l  1  s t a g e s  i n  t h e  p l a n t ’ s  l i f e .  By c o n t r a s t ,  G i g a r t i n a  s p o r e l in g s  
f a i le d '"  t o  show t h i s  a n t i b i o t i c  a c t i v i t y .
73.
THE EFFECTS OF LABORATORY INDUCED ENVIRONMBNTAL FACTORS ON GROWTH 
OF SPORELINGS OF GIGARTINA STELLATA.
( a )  E f f e c t  o f  s a l i n i t i e s  on g ro w th  o f  s p o r e l i n g s .
S p o r e l in g s  o f  G i g a r t i n a  s t e l l a t a  c o l l e c t e d  fro m  Cumbrae I s l a n d  
w e re  c u l t u r e d  u n d e r  v a r io u s  s a l i n i t i e s  ( 4 %©,  Ô  % o ,  ,  l 6  , 24 ,
a n d  32 % a  ) a t  12°C , 2400 l u x ,  a  d a y le n g th  o f  12 h o u rs  an d  s p o r e l in g s  
w ere  grown i n  t h e  e n r i c h e d  medium.
R e s u l t s  a r e  su m m arised  i n  T a b le  5 and  F ig u r e  2 3 . D e t a i l s  o f  
t h e  r e s u l t s  a r e  as f o l lo w s  :
1 . A t s a l i n i t y  o f  4 /^  , t h e  g ro w th  o f  s p o r e l in g s  ( e x p r e s s e d  as
i n c r e a s e  i n  d ia m e te r )  was v e ry  s lo w . The s p o r e l in g s  becam e 
v e iy  p a l e  i n  c o lo u r  a n d  many becam e d e ta c h e d  an d  l o s t  i n t o  
t h e  s u r r o u n d in g  medium a f t e r  t h e  f i r s t  few w e e k s .
2 .  G row th o f  s p o r e l in g s  was a l s o  v e ry  s lo w  i n  m e d ia  o f  s a l i n i t y
o f  8 . A l t h o u ^  many s p o r e l in g s  becam e p a l e  i n  c o lo u r
and  d e ta c h e d  fro m  t h e  s l i d e s ,  a  l a r g e  num ber c o n t in u e d  t o  grow 
f o r  t h e  w h o le  p e r i o d  o f  t h e  e x p e r im e n t .
3 . T h e re  was a  good  h e a l t h y  g ro w th  o f  s p o r e l in g s  i n  m ed ia  o f
s a l i n i t y  o f  l 6  % , , b u t  w i th  a  s l i g h t l y  s lo w e r  g ro w th  r a t e  th a n
a t  24 % ,  a n d  32 .
4 . R e s u l t s  show ed t h a t  t h e r e  w ere  no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  
g ro w th  r a t e  o f  s p o r e l in g s  a t  s a l i n i t i e s  o f  24%, a n d  32%. ,
T h ese  r e s u l t s  a g re e d  w i th  t h e  r e s u l t s  o b t a in e d  by  B u m s (1 9 7 1 ) 
who fo u n d  t h a t  s p o r e l in g s  o f  G i g a r t i n a  s t e l l a t a  e x h i b i t e d  maximum 
g ro w th  i n  s a l i n i t i e s  o f  2 5 j 30 an d  35 , above a n d  b e lo w  t h e s e
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F ig u r e  2 3 : Shows g ro w th  r a t e s  o f  G i g a r t i n a  s p o r e l i n g s
c u l t u r e d  a t  v a r i o u s  s a l i n i t i e s .
B a rs  r e p r e s e n t  t h e  S .D . o f  t h e  d u p l i c a t e  
e x p e r im e n t s .
•  a t  4 ^
T a t  8 ^
■ a t  l 6  ^
H a t  24 ^ 
















(b ) E f f e c t  of* i l l  im in a t io n s  on gro-wth o f  s p o r e l i n g s .
S p o r e l in g s  o f  G i g a r t i n a  s t e l l a t a  c o l l e c t e d  fro m  t h e  I s l e  o f  
C im brae w ere  c u l t u r e d  u n d e r , v a r io u s  l e v e l s  o f  i l l u m i n a t i o n  (^400 l u x ,
6 0 0  l u x ,  8 0 0  l u x ,  1200  l u x ,  2400 l u x  an d  3000 l u x ) .  D e t a i l s  a b o u t
i l l u m i n a t i o n  i s  d e s c r ib e d  i n  C h a p te r  2 ,  p ag e  ( 2 7 ) .  U nder ea ch
o f  t h e s e  i l l u m i n a t i o n s  s p o r e l in g s  w ere  c u l t u r e d  a t  1 2 °C , a  d a y le n g th  
o f  12 h o u r s  and  i n  t h e  e n r i c h e d  s e a w a te r  medium a t  s a l i n i t y  o f  32%* . 
P r e v io u s  s t u d i e s  h a v e  i n d i c a t e d  t h a t  s p o r e l in g s  o f  l i t t o r a l  a lg a e  
h av e  h i g h e r  l i g h t  r e q u i r e m e n ts  t h a n  s u b l i t t o r a l  p l a n t s  (B oney and  
C o m e r  1 9 6 2 , I 9 6 3 ) . |
R e s u l t s  o f  t h i s  e x p e r im e n t  a r e  su m m arised  i n  T a b le  (6 )  and  F ig u re
(2U).
A l t h o u ^  good  g ro w th  o f  s p o r e l in g s  was o b ta in e d  i n  a l l  i l l u m i n a t i o n  
l e v e l s , t h e r e  was a  g r a d u a l  i n c r e a s e  i n  g ro w th  r a t e s  fro m  i l l u m i n a t i o n  
o f  8 0 0  l u x  t o  3 0 0 0  l u x .  At i l l u m i n a t i o n s  o f  k O O  l u x  an d  6 OO l u x  
v e ry  s lo w  g ro w th  o f  s p o r e l in g s  was o b ta in e d  an d  many s p o r e l in g s  becam e 
p a le  i n  c o lo u r ,  an d  d e ta c h e d  fro m  th e  s l i d e s .  Good h e a l t h y  g ro w th  
o f  s p o r e l in g s  was o b ta in e d  a t  i l l u m i n a t i o n  o f  1200 l u x .  H ow ever, 
g ro w th  was s l i g h t l y  s lo w e r  t h a n  a t  2400 lu x  an d  3000 l u x .  R e s u l t s  
a l s o  show t h a t  t h e r e  w ere  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  g ro w th  r a t e s  
a t  i l l u m i n a t i o n s  o f  2400 l u x  an d  3000 l u x .  B u m s (1 9 7 1 ) o b s e rv e d  
a  g r a d u a l  i n c r e a s e  i n  g ro w th  o f  s p o r e l in g s  o f  G i g a r t i n a  s t e l l a t a  fro m  
1 3 0 0  l u x  t o  7 7 0 0  l u x .
( c )  E f f e c t  o f  d a y le n g th  re g im e s  on g ro w th  o f  s p o r e l i n g s .
S p o r e l in g s  o f  G i g a r t i n a  s t e l l a t a  w ere  c u l t u r e d  u n d e r  t h r e e  
d a y le n g th  r e g im e s ;  l i g h t / d a r k  t im e s ;  8 : l 6 ,  1 2 :1 2  an d  l 6 : 8  a t  12°C ,
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F ig u r e  24 : Shows g ro w th  r a t e s  o f  G i g a r t i n a  s p o r e l i n g s
c u l t u r e d  u n d e r  v a r i o u s  i l l u m i n a t i o n s .
B a rs  r e p r e s e n t  t h e  S .D . o f  t h e  d u p l i c a t e  
e x p e r im e n ts .
#  u n d e r  400 Lux
V ” 6 0 0  "
■  " 800 "
O ” 1 2 0 0  "
V " 2400 "






















R e s u l t s  o f  t h i s  e x p e r im e n t  w h ich  a r e  su m m arised  i n  T a b le  (7 )  
an d  F ig u re  ( 2 5 ) show ed a  good h e a l t h y  g ro w th  o f  s p o r e l i n g s  was 
o b ta in e d  i n  a l l  d a y le n g th  r e g im e s .  Maximum g ro w th  r a t e  was o b ta in e d  
i n  t h e  l o n g e r  day re g im e  ( l 6 : 8 )  an d  minimum g ro w th  r a t e  was o b s e rv e d  
in  t h e  s h o r t e s t  day  re g im e  ( 8 : l 6 ) .
L ig h t  d u r a t i o n  does n o t  seem  t o  b e  a  c r u c i a l  f a c t o r  c o n t r o l l i n g  
t h e  g ro w th  o f  s p o r e l i n g  o f  G i g a r t i n a  s t e l l a t a . A r a s a k i  (1 9 5 3 ) 
fo u n d  t h a t  s p o r e s  o f  some r e d  a lg a e  g e rm in a te d  a n d  d e v e lo p e d  m ore 
r a p i d l y  i n  t h e  l o n g e r  l i g h t  d u r a t i o n .
( d) E f f e c t  o f  v a r io u s  p e r io d s  o f  subm ergence  in  s e a w a te r  on
g ro w th  o f  s p o r e l i n g s .
The d i f f e r e n t  p e r io d s  o f  su b m erg en ce  i n  s e a w a te r  w e re  p r o v id e d  
b y  t h e  t i d e  m ach in e  a s  d e s c r ib e d  i n  C h a p te r  2 ,  p a g e  ( 3 0  ) .  S p o r e l in g s  
o f  G i g a r t i n a  s t e l l a t a  we r e  c u l t u r e d  u n d e r  4 h o u r s / d a y ,  8 h / d ,  1 2 h /d ,
1 8  h / d  an d  f u l l y  su b m erg ed  i n  t h e  e n r i c h e d  s e a w a te r  medium a t  12°C ,
2400 l u x ,  d a y le n g th  o f  12 h o u rs  an d  s a l i n i t y  o f  3 2 .
R e s u l t s  a r e  su m m arised  i n  T a b le  (8 )  a n d  i l l u s t r a t e d  i n  F ig u re  
( 2 6 ) .  As shown fro m  t h e s e  d a t a ,  s p o r e l in g s  o f  G i g a r t i n a  grew  h e a l t h i l y  
u n d e r  a l l  p e r io d s  o f  su b m erg en ce  in  s e a w a te r  m edium . T h e re  was a 
p o s i t i v e  c o r r e l a t i o n  b e tw e e n  g ro w th  r a t e  o f  s p o r e l i n g s  a n d  t h e  p e r io d s  
o f  su b m erg en ce  i n  s e a w a te r  m edium , i . e .  b e t t e r  g ro w th  was o b ta in e d  
i n  t h e  l o n g e r  su b m erg en ce  p e r i o d  an d  v i c e  v e r s a .  The r e s u l t s  a l s o  
show ed t h a t  t h e r e  w e re  no  s i g n i f i c a n t  d i f f e r e n c e s  i n  g ro w th  r a t e s  o f  
s p o r e l in g s  u n d e r  p e r i o d s  o f  12 h o u r s /d a y  an d  ab o v e  t h i s  p e r i o d .  Thus 
G i g a r t i n a  s p o r e l in g s  show ed a  b r o a d  t o l e r a n c e  t o  t h e  d i f f e r e n t ; p e r i o d s  
o f  su b m erg en ce  i n  s e a w a te r  medium w h ich  i s  r e f l e c t e d  i n  t h e  l o c a l  
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F ig u r e  2 5 . Shows g ro w th  r a t e s  o f  G i g a r t i n a  s p o r e l i n g s  
c u l t u r e d  u n d e r  v a r i o u s  d a y le n g th  r e g im e s .  
B a rs  r e p r e s e n t  t h e  8 .D . o f  t h e  d u p l i c a t e  
e x p e r im e n t s .
e  u n d e r  8 : l 6
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F ig u r e  26 : Shows g ro w th  r a t e s  o f  G i g a r t i n a  s p o r e l i n g s
c u l t u r e d  u n d e r  v a r i o u s  p e r i o d s  o f  su b m e rg e n ce  
i n  s e a w a te r .
B a rs  r e p r e s e n t  t h e  8 .D . o f  t h e  d u p l i c a t e  
e x p e r im e n t s .
•  su b m e rg e d  f o r  4 h o u r s / day  
T »' ” 8 " "
□  11 I t  2 2  "  11
■  ft It 28 "  11






















STUDIES ON CARRAGEENM CONTENTS AND GEL STRENGTHS 
OF GIGARTINA IN NATURE AND UNDER EXPERIMENTAL 
CONDITIONS :
The r e d  a lg a  G i g a r t i n a  s t e l l a t a  i s  one o f  t h e  m a jo r  s o u rc e s  
o f  t h e  e c o n o m ic a l ly  im p o r ta n t  p h y c o c o l lo id  C a r ra g e e n a n . D u rin g  
th e  l a s t  few  d e c a d e s  many p a p e rs  h a v e  b e e n  p u b l i s h e d  w h ic h  h a v e  
c l a r i f i e d  o u r  k now ledge  o f  t h e  s t r u c t u r e  and  p r o p e r t i e s  o f  
C a r ra g e e n a n , y e t  a  l o t  t o  b e  known a b o u t i t s  b i o lo g y .  C a rra g e e n a n  
h a s  u s u a l l y  b e e n  f r a c t i o n e d  i n t o  a  K C l- i n s o l u b l e  f r a c t i o n  
( k - C a r r a g e e n an ) an d  K C l- s o lu b l e  f r a c t i o n  ( X - C a r ra g e e n a n ) . B la c k  
e t  a l  ( 1 9 5 5 ) s t a t e d  t h a t  C a rra g e e n a n  from  G i g a r t i n a  s t e l l a t a  gave  
p o o r  s e p a r a t i o n  i n t o  k -  a n d  A- f r a c t i o n s .  W aaland  (19T 5) and  
P ic k m e re  e t  a l  (1 9 7 5 ) fo u n d  t h a t  t h e  g a rn e to p h y tic  s t a g e s  o f  o t h e r  
G i g a r t i n a  s p e c i e s  h a v e  o n ly  k -  C a rra g e e n a n  w h i le  t h e  t e t r a s p o r o p h y t i c  
s t a g e s  h a v e  o n ly  X- C a r ra g e e n a n .
81 .
7 .1  S e a s o n a l  o b s e r v a t io n  on C a rra g e e n a n  c o n te n t s  o f  G i g a r t i n a  and 
g e l  s t r e n g t h s  o f  G i g a r t i n a  from  d i f f e r e n t  l o c a l i t i e s
The f r e s h l y  c o l l e c t e d  p l a n t s  o f  G ig a r t i n a  fro m  Loch L ong , Cumbrae 
I s l a n d  an d  P o r te n c r o s s  w ere  c le a n e d  b y  rem o v in g  aJLl e p ip h y te s  and  
e p iz o a .  P l a n t s  w e re  t h e n  im m ersed  v e ry  q u ic k ly  i n  d i s t i l l e d  w a te r  
t o  rem ove e x c e s s  o f  s a l t ,  an d  w ere  t h e n  d r i e d  i n  an oven  a t  80-90°C  
u n t i l  c o n s ta n t  w e ig h t  was o b ta in e d  ( o v e r  n i ^ t ) .  The q u a n t i t y  o f  
C a r ra g e e n a n  i n  t h e  d r i e d  seaw eed  and  t h e  g e l  s t r e n g t h  o f  C a rra g e e n a n  
w ere  m ea su red  fro m  m o n th ly  c o l l e c t i o n s  o f  p l a n t s  fro m  t h e  t h r e e  
l o c a l i t i e s  as d e s c r i b e d  i n  C h a p te r  2 ,  p ag e  ( 31 ) .
T h is  s tu d y  was commenced i n  Ju n e  1976 an d  t e r m i n a t e d  i n  Novem ber 
1 9 7 7 ' The r e s u l t s  o f  t h i s  s tu d y  a r e  shown in  T a b le s  9 a ,  b , c ,  10 a ,  
b ,  c .  F ig u r e s  27 a n d  2 8 . D e t a i l s  o f  t h e  r e s u l t s  a r e  a s  f o l lo w s :
C a r ra g e e n a n  :
( a )  As shown fro m  T a b le s  9 a ,  b , c , an d  F ig u re  27 t h e  h i g h e s t  v a lu e  
o f  C a r ra g e e n a n  was r e c o r d e d  in  p l a n t s  c o l l e c t e d  fro m  P o r te n c r o s s  an d  
t h e  lo w e s t  v a lu e  o f  C a rra g e e n a n  i n  p l a n t s  c o l l e c t e d  fro m  Loch Long. 
P l a n t s  c o l l e c t e d  fro m  Cumbrae I s l a n d  show ed an i n t e r m e d ia t e  v a l u e . 
T h is  m ig h t w e l l  b e  r e l a t e d  t o  t h e  f a c t  t h a t  p l a n t s  fro m  P o r te n c r o s s  
h a v e  much t h i c k e r  f ro n d s  w h i le  t h e  f ro n d s  o f  p l a n t s  fro m  Loch Long 
a r e  much t h i n n e r ,  an d  p l a n t s  from  Cumbrae I s l a n d  h a v e  an  i n t e r m e d ia t e  
f r o n d  t h i c k n e s s .  H ow ever, F u l l e r  ( l 9 7 l )  i n  h i s  s tu d y  on C hondrus 
c r i s p u s  fro m  New H a m p sh ire , U .S .A . , s t a t e d  t h a t  t h e  q u a n t i t y  o f  
C a rra g e e n a n  w as u s u a l l y  g r e a t e r  i n  p l a n t s  o f  c o a s t a l  t h a n  o f  
e s t u a r i n e  l o c a t i o n s .
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F ig u re  2%: Show ing  t h e  s e a s o n a l  v a r i a t i o n  i n  C a r ra g e e n a n  
c o n te n t s  o f  p l a n t s  o f  G i g a r t i n a  s t e l l a t a  from  
th e  t h r e e  l o c a l i t i e s  i n  t h e  F i r t h  o f  C ly d e . 
B a rs  r e p r e s e n t  t h e  S .D . i n  3 r e p l i c a t e s .
#  p l a n t s  from  Loch Long 
^  p l a n t s  fro m  Cumbrae I s l a n d  















( I d )  The r e s u l t s  a l s o  show t h e  s e a s o n a l  v a r i a t i o n  i n  C a rra g e e n a n  
c o n t e n t s . The maximum y i e l d  o f  C a rra g e e n a n  was r e c o r d e d  i n  t h e  
s p r in g  m o n th s , "between I fe rc h  an d  May an d  t h e  minimum y i e l d  was 
r e c o r d e d  i n  t h e  autum n m onths "between S e p te m b e r an d  D ecem ber.
T h is  was o b s e rv e d  i n  tw o s u c c e s s iv e  y e a r s  w i th  p l a n t s  from  th e  
t h r e e  l o c a l i t i e s .  T h e se  o b s e r v a t io n s  a g re e d  w i th  t h e  r e s u l t s  o f  B u t l e r  
( 1 9 3 6 ) w o rk in g  on C hondrus c r i s p u s  who fo u n d  t h a t  maximum C a rra g e e n a n  
c o n c e n t r a t i o n  o c c u r r e d  d u r in g  t h e  w arm er m o n th s . P ic k m e re  e t  a l  (19T 5) 
s t u d i e d  t h e  v a r i a t i o n  i n  C a r ra g e e n a n  l e v e l s  and  c o m p o s i t io n  i n  t h r e e  
New Z e a la n d  s p e c i e s  o f  G i g a r t i n a  r e p o r t e d  t h a t  no  s i g n i f i c a n t  s e a s o n a l  
e f f e c t s  on C a r ra g e e n a n  l e v e l s  w ere  n o t e d .  They fo u n d  a  s l i g h t  
d e p r e s s io n  i n  t h e  t o t a l  C a r ra g e e n a n  c o n te n t  o f  a l l  t h r e e  s p e c i e s  d u r in g  
t h e  w i n t e r  m o n th s . M a r s h a l l  e t  a l  ( 1 9 H9 ) a l s o  fo u n d  t h a t  t h e
maximum y i e l d  o f  C a r ra g e e n a n  from  G i g a r t i n a  s t e l l a t a  was r e c o r d e d  i n  
th e  s p r i n g  m onths a n d . th e  minimum y i e l d  was r e c o r d e d  i n  t h e  w i n t e r  
m o n th s . The r e s u l t s  o f  t h e  p r e s e n t  w ork  show ed a  c o m p le te  d is a g re e m e n t  
w i th  t h e  r e s u l t s  o f  F u l l e r  (19T 1) w o rk in g  on C hondrus c r i s p u s  from  New 
H a m p sh ire , who fo u n d  t h a t  C a r ra g e e n a n  c o n c e n t r a t i o n  was h i g h e s t  in  
l a t e  f a l l - e a r l y  w i n t e r  w h i le  t h e  lo w e s t  v a lu e  was r e c o r d e d  d u r in g  t h e  
s p r i n g - e a r l y  sum m er.
G el s t r e n g t h :
The g e l  s t r e n g t h  o f  C a rra g e e n a n  o f  G i g a r t i n a  fro m  t h e  d i f f e r e n t  
l o c a l i t i e s  was m e a su re d  b y  t h e  g e lo m e te r  d e s c r i b e d  i n  C h a p te r  2 .
R e s u l t s  o f  t h i s  s tu d y  a r e  su m m arised  i n  T a b le  1 0 a ,b  ,c  a n d  F ig u r e  2 8 . 
D e t a i l s  a r e  as  f o l lo w s  :
( a )  The s t r o n g e s t  g e l  was r e c o r d e d  i n  p l a n t s  fro m  Loch Long.
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F ig u re  2 8 : Show ing t h e  s e a s o n a l  v a r i a t i o n  i n  g e l  s t r e n g t h
o f  C a rra g e e n a n  o f  G i g a r t i n a  s t e l l a t a  fro m  t h e  
t h r e e  l o c a l i t i e s  i n  t h e  F i r t h  o f  C ly d e .
S .D . i s  v e iy  s m a l l  v a lu e  and  d i f f i c u l t  t o  
r e p r e s e n t  on t h e  f i g u r e .
•  p l a n t s  fro m  Loch Long 
▼ p l a n t s  from  Cumbrae I s l a n d  













P o r te n c r o s s  a n d  a g a in  p l a n t s  fro m  Cumbrae I s l a n d  h a d  an  i n t e r m e d ia t e  
v a lu e .  As p r e v i o u s ly  e x p la in e d ,  p l a n t s  o f  G i g a r t i n a  a t  Loch Long 
may b e  c o v e re d  w i th  w a te r  o f  low  s a l i n i t y  a t  low  t i d e .  M a r s h a l l  e t  
a l  ( 1 9 ^ 9 ) fo u n d  t h a t  p r e l i m i n a r y  w a sh in g  o f  t h e  seaw eed  up t o  12 h o u rs  
i n  ru n n in g  w a te r  i n c r e a s e d  t h e  h a rd n e s s  o f  t h e  g e l .  T h is  w i l l  b e  
d i s c u s s e d  s e p a r a t e l y  l a t e r  o n .
(b )  The g e l  s t r e n g t h  o f  C a rra g e e n a n  o f  G i g a r t i n a  fro m  a l l  l o c a l i t i e s  
show ed a  s e a s o n a l  v a r i a t i o n  w i th  t h e  s t r o n g e s t  g e l s  o b t a i n e d  in  
w i n t e r  m onths b e tw e e n  D ecem ber an d  M arch , w h i l s t  t h e  w e a k e s t  g e l  was 
o b ta in e d  i n  s p r i n g  an d  sum m er, b e tw e e n  M arch an d  A u g u s t .  F u l l e r  ( l 9 T l )  
fo u n d  t h a t  t h e  s t r o n g e s t  g e l  o f  C hondrus c r i s p u s  w as r e c o r d e d  i n  l a t e  
f a l l - e a r l y  w i n t e r .  M a r s h a l l  e t  a l  (1 9 ^9 ) r e p o r t e d  t h a t  t h e  h i g h e s t  
v a lu e  o f  g e l  s t r e n g t h  was r e c o r d e d  in  autum n an d  w i n t e r .  B o th  t h e s e  
s t u d i e s  u s e d  d i f f e r e n t  m ethods o f  m e a s u r in g  g e l  s t r e n g t h .
The v a r io u s  r e p l i c a t e s  o f  g e l  s t r e n g t h  m easu rem en t show ed no 
s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  th em . The s t a n d a r d  d e v ia t i o n  was a  v e ry  
s m a l l  v a lu e  an d  i n  a l l  c a s e s  d i f f i c u l t  t o  r e p r e s e n t  on th e  f i g u r e .
90 .
7*2 C a r ra g e e n a n  a n d  g e l  s t r e n g t h  m ea su rem en ts  o f  G i g a r t i n a  a f t e r  
b e in g  t r a n s p l a n t e d  th ro u g h o u t  t h e  d i f f e r e n t  l o c a l i t i e s  i n  t h e  
F i r t h  o f  C lyde a r e a :
As shown a b o v e , t h e  d i f f e r e n t  p o p u la t io n s  o f  G i g a r t i n a  s howed 
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  q u a n t i t y  an d  q u a l i t y  o f  C a r ra g e e n a n . T h is  
f o l lo w in g  e x p e r im e n t  was d e s ig n e d  t o  s e e  i f  t h e s e  v a r i a t i o n s  i n  
C a rra g e e n a n  q u a n t i t y  an d  q u a l i t y  a r e  due t o  e n v ir o n m e n ta l  c o n d i t io n s  o r  
t o  i n h e r i t e d  c h a r a c t e r s .  F o r  t h i s  p u r p o s e , p l a n t s  o f  G i g a r t i n a  w ere  
t r a n s p l a n t e d  th r o u g h o u t  t h e  t h r e e  l o c a l i t i e s  i n  t h e  F i r t h  o f  C ly d e , 
i . e .  Loch L o n g , Cumbrae I s l a n d  an d  P o r te n c r o s s  i n  r e c i p r o c a l  f a s h i o n .  
D e t a i l s  o f  t r a n s p l a n t  m ethods a r e  d e s c r ib e d  i n  C h a p te r  2 ,  p ag e  ( 2 U ).
L a rg e  q u a n t i t i e s  o f  p l a n t s  o f  G i g a r t i n a  w e re  u s e d  t o  a v o id  t h e  l o s s  o f  
p l a n t s  i n  h e a v y  s e a s .  The p e r i o d  o f  t r a n s p l a n t  was t h r e e  m o n th s , a l th o u g h  
i t  w o u ld  h a v e  b e e n  b e t t e r  t o  t r a n s p l a n t  t h e  p l a n t s  f o r  m ore t h a n  3 
m o n th s . T h is  was im p o s s ib le  h o w e v e r , b e c a u s e  p l a n t s  t r a n s p l a n t e d  from  
Loch Long t o  P o r te n c r o s s  d i s a p p e a r  v e ry  q u ic k ly .
T h is  e x p e r im e n t  was i n i t i a t e d  i n  F e b ru a ry  1978 a n d  t e r m in a t e d  i n  
May 1 9 7 8 .
T a b le  11 su m m a rise s  t h e  C a r ra g e e n a n  c o n te n t  i n  t h e  t r a n s p l a n t e d  
G i g a r t i n a  a n d  T a b le  12 sum m arises, t h e  g e l  s t r e n g t h  m ea su rem e n ts  i n  t h e  
t r a n s p l a n t e d  G i g a r t i n a ; a s  shown from  th e s e  d a ta :
( a )  C a r ra g e e n a n  c o n te n t  i n  p l a n t s  fro m  Loch Long i n c r e a s e d  when p l a n t s  
w ere  t r a n s p l a n t e d  t o  Cumbrae I s l a n d ,  b u t  i t  d id  n o t  r e a c h  t h e  same s e a s o n a l  
l e v e l  as t h e  u n d i s t u r b e d  p l a n t s  o f  Cumbrae I s l a n d  a n d  P o r t e n c r o s s .
91
T a b le  1 1 ; Shows C a r ra g e e n a n  a s  %  o f  d ry  w e ig h t  o f  G i g a r t i n a  
a f t e r  b e in g  t r a n s p l a n t e d  th r o u g h o u t  t h e  d i f f e r e n t  
l o c a l i t i e s  in  t h e  F i r t h  o f  C ly d e .
S o u rc e  o f  t r a n s p l a n t
Loch Long Cumbrae I s l a n d P o r te n c r o s s
3 k .0# 3 0 .6 # 3k .0#
&
1  g
2 9 .0 # 3k. 8# 39.6#
a 2k. 5^ 3 3 .0 # 37.5#
-p P) PI




^ S 3 7 .5 # k5.0# k5.0#








k i . o # k7.0# 53.5#
oPI Jhorj 31.5# k6.5# 55.0#
(D
t 36.5# kk.o# 51.5#
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T a b le  1 2 ; Shows g e l  s t r e n g t h  o f  C a r ra g e e n a n  i n  p l a n t s
o f  G i g a r t i n a  a f t e r  b e in g  t r a n s p l a n t e d  th ro u g h o u t  
t h e  d i f f e r e n t  l o c a l i t i e s  in  t h e  F i r t h  o f  C ly d e :
S o u rc e  o f  t r a n s p l a n t
Loch Long Cumbrae I s l a n d P o r te n c r o s s
2 9 . 0 8 2 5 . 0 g 2 2 . 0  g
■ s  S'o o 3 1 .5 8 2 5 . 5 g 2 2 . 0  gA PI
3 0 . 0 8 2 6 . 0 g 2 k . 0  g
o 2 k . 5 8 2 1 . 5 g 2 k .0 g«3 fdp g  
f  H
2 5 . 0 8 2 3 .0 g 2 3 . 0  g
3 wO H 2 7 . 0 8 2 k . 5 g 2 3 . 0  g
CQ
CQ
2 6 . 5 8 2 2 . 5 g 2 0 .0  g
U
§ 2 7 . 5 8 2 1 . 5 g 1 9 . 0  g















(b )  The v a lu e  o f  C a rra g e e n  an  c o n te n t ,  o f  p l a n t s  fro m  P o r te n c r o s s  
d e c r e a s e d  "when p l a n t s  w e re  t r a n s p l a n t e d  t o  Loch Long a n d  Cumbrae 
I s l a n d )  an d  i t  was v e ry  s i m i l a r  t o  t h e  u n d i s t u r b e d  p l a n t s  o f  
Cumbrae I s l a n d  an d  Loch Long a t  t h e  same t im e  o f  y e a r .
( c )  When p l a n t s  fro m  Cumbrae I s l a n d  w ere  t r a n s p l a n t e d  t o  P o r te n c r o s s  
th e  C a rra g e e n  an i n c r e a s e d ,  an d  r e a c h e d  a  h i g h e r  l e v e l  t h a n  t h a t  o f  
t h e  u n d i s t u r b e d  p l a n t s  on Cumbrae I s l a n d .  When Cumbrae I s l a n d  
p l a n t s  t r a n s p l a n t e d  t o  Loch Long t h e  C a rra g e e n  an c o n te n t  d e c r e a s e d  
b u t  was h i g h e r  t h a n  i n  p l a n t s  g ro w in g  n a t u r a l l y  i n  Loch Long.
G el s t r e n g t h  i n  t h e  t r a n s p l a n t s  as  shown i n  T a b le  ( 12  ) shows a  
s l i g h t  i n c r e a s e  i n  i t s  v a lu e  when p l a n t s  from  P o r t e n c r o s s  an d  Cumbrae 
I s l a n d  w e re  t r a n s p l a n t e d  t o  Loch Long b u t  i t  d id  n o t  r e a c h  th e  same 
l e v e l  as i n  t h e  " n a t i v e "  p l a n t s  o f  Loch Long. I t  show ed a  s l i g h t  
r e d u c t io n  i n  i t s  v a lu e  when p l a n t s  w ere  t r a n s p l a n t e d  fro m  Loch Long 
t o  Cumbrae I s l a n d  an d  P o r t e n c r o s s ,  b u t  a g a in  i t  d id  n o t  r e a c h  t h e  
same l e v e l  as  t h e  " n a t i v e "  p l a n t s  o f  Cumbrae I s l a n d  a n d  P o r t e n c r o s s .
T h ese  r e s u l t s  show v e ry  c l e a r l y  t h e  im p o r ta n t  r o l e  o f  e n v ir o n m e n ta l  
c o n d i t io n s  i n  g o v e rn in g  th e  q u a n t i t y  and  q u a l i t y  o f  C a r ra g e e n a n .
A v e ry  s h a rp  i n c r e a s e  i n  g e l  s t r e n g t h  was r e c o r d e d  w hen p l a n t s  from  
Cumbrae I s l a n d  an d  P o r te n c r o s s  w ere  l e f t  t o  grow a t  Loch Long f o r  
a b o u t 6 m o n th s . E x p e r im e n ts  c a r r i e d  o u t  o v e r  3 m on ths w e re  n o t  
r e a l l y  lo n g  enough  t o  s i g n i f i c a n t l y  a f f e c t  t h e  g e l  s t r e n g t h s .
9ii.
T*3 . E f f e c t  o f  e n v ir o n m e n ta l  c o n d i t io n s  on t h e  q u a n t i t y  an d  q u a l i t y  
o f  C a r r a g e e n a n .
R e s u l t s  o f  t h e  t r a n s p l a n t  e x p e r im e n ts  t o g e t h e r  w i th  t h e  s e a s o n a l  
v a r i a t i o n s  i n  t h e  q u a n t i t y  a n d  q u a l i t y  o f  C a rra g e e n a n  i n d i c a t e d  th e  
im p o r ta n t  r o l e  o f  e n v ir o n m e n ta l  c o n d i t io n s  on C a r ra g e e n a n , T h is  n e x t  
s tu d y  was made t o  th ro w  some m ore l i g h t  on t h e  e f f e c t  o f  l a b o r a t o r y  
in d u c e d  e n v ir o n m e n ta l  f a c t o r s  on t h e  q u a n t i t y  and  q u a l i t y  o f  
C a r ra g e e n a n .
A bout 100 g o f  c le a n e d  h e a l t h y  f ro n d s  o f  G i g a r t i n a  c o l l e c t e d  
from  Cumbrae I s l a n d  w ere  k e p t  f o r  tw o w eeks i n  t h e  l a b o r a t o r y  u n d e r  
a  v a r i e t y  o f  e n v ir o n m e n ta l  f a c t o r s . C a rra g e e n  c o n te n t s  an d  g e l  
s t r e n g t h  o f  C a r ra g e e n a n  w ere  m e a su re d  as p r e v io u s  d e s c r i b e d .  T h ree  
r e p l i c a t e s  w e re  c a r r i e d  o u t  u n d e r  e a c h  o f  t h e  f o l lo w in g  c o n d i t io n s  :
95.
( a )  S a l i n i t y :
F iv e  d i f f e r e n t  s a l i n i t i e s  o f  s e a w a te r  w e re  t e s t e d ;  k % o  , ,
l 6% o  , 2H^o and  3 2 % q  . U nder e a c h  o f  t h e s e  s a l i n i t i e s  p l a n t s  o f  
G i g a r t i n a ,o b t a i n e d  fro m  Cumbrae I s l a n d ,  w ere  k e p t  f u l l y  subm erg ed  f o r  
a  p e r i o d  o f  tw o w eeks (May i k  -  2T) a t  12°C , 2U00 l u x  an d  a  day l e n g th  
o f  1 2  h o u r s ,  t h e n  t h e  c a r r a g e e n a n  c o n te n t s  and  t h e  g e l  s t r e n g t h s  w ere  
m e a su re d  as  p r e v i o u s ly  d e s c r i b e d .  P l a n t s  c o u ld  n o t  b e  k e p t  f o r  a  
l o n g e r  p e r i o d  n o t  o n ly  b e c a u s e  t h e  v e ry  low  s a l i n i t i e s  w o u ld  harm  
th e  p l a n t s  b u t  a l s o  f o r  p ro b le m s o f  t im e  and  s p a c e ,  h o w e v e r , c l e a r  
d i f f e r e n c e s  i n  c a r r a g e e n a n  c o n te n t s  and  g e l  s t r e n g t h s  w e re  o b s e rv e d  
ev en  a f t e r  t h i s  s h o r t  p e r i o d .
R e s u l t s  o f  t h i s  e x p e r im e n t  a r e  su m m arised  i n  T a b le  (1 3 ) an d  
i l l u s t r a t e d  i n  F ig u re  2 9 (a )  an d  ( b ) .
C a r ra g e e n a n  c o n te n t s  :
R e s u l t s  show ed t h a t  s a l i n i t y  i s  an im p o r ta n t  f a c t o r  g o v e rn in g  
th e  c a r r a g e e n a n  c o n te n t s .  T h e re  was a  g r a d u a l  i n c r e a s e  i n  c a r r a g e e n a n  
c o n te n t  fro m  s a l i n i t i e s  o f  k % o  t o  3 2 % ù  ,  A t t h e  lo w e s t  s a l i n i t i e s  
{ h % o  an d  8 ^ 0  ) when p l a n t s  becam e v e ry  p a l e  i n  c o lo u r  and  many 
s t a r t e d  t o  lo o s e  t h e i r  r i g i d i t y ,  c a r r a g e e n a n  was i n  i t s  lo w e s t  l e v e l .  
Even a t  2 k %  when p l a n t s  grew  h e a l t h i l y ,  t h e r e  was a  b i g  d i f f e r e n c e  
i n  c a r r a g e e n a n  c o n te n t s  when com pared  w i th  c a r r a g e e n a n  m easu rem en t 
a t  s a l i n i t y  o f  3 2 % o  .
T hese  r e s u l t s  m ig h t e x p la in  t h e  f a c t  t h a t  p l a n t s  o f  Loch L ong , 
w h ich  grow  i n  e s t u a r i n e  h a b i t a t s  and  may b e  c o v e re d  w i th  w a te r  o f  
low s a l i n i t y  f o r  som etim e d u r in g  t h e  t i d a l  c y c l e ,  h a v e  lo w e r  c a r r a g e e n a n  
c o n te n t s .  S i m i l a r  r e s u l t s  w e re  o b t a in e d  b y  F u l l e r  ( l 9 T l )  vho  r e p o r t e d  
t h a t  t h e  p e r c e n t  o f  c a r r a g e e n a n  was u s u a l l y  g r e a t e r  i n  p l a n t s  o f  
c o a s t a l  th a n  o f  e s t u a r i n e  l o c a t i o n s .
96,
T a b le  ( 1 3 ) :  E f f e c t s  o f  v a r i c u s  s a l i n i t i e s  on c a r r a g e e n a n
c o n te n t  and  g e l  s t r e n g t h  o f  p l a n t s  o f  G i g a r t i n a  
k e p t  f o r  t v o  w eeks f u l l y  subm erged  i n  s e a w a te r  o f  
v a r io u s  s a l i n i t i e s  a t  12^C , 2^+00 l u x  a n d  d a y le n g th  
o f  12 h o u r s , P l a n t s  c o l l e c t e d  fro m  Cumbrae I s l a n d  
i n  May 19TT.
— - . . . ^ ^ l i n i t i e s  
P r o p e r t i e s ^ ^ ^ ^ ^ ^  
m ea su red
Wo Q %x> l6#o 24%o 3 2 % o
C a rra g e e n a n  a s 1 2 .0 iT .o 2 4 .0 3 4 .0 4 5 .0
%  o f  d ry  w e ig h t I T . 5 1 3 .5 2 7 .5 3 0 .5 4 0 .5
1 0 .5 2 0 .5 2 2 .0 3 5 .0 5 0 .5
G el s t r e n g t h 3 0 .5 2 7 . 0 2 6 . 0 2 5 . 0 2 0 .0
i n  gram s 3 1 .0 2 9 .0 2 3 .5 2 3 .5 2 3 .0
3 0 .0 2 5 .5 2 8 .0 2 6 . 0 1 6 .5
F ig u re  2 9 ( a ) :  Shows g e l  s t r e n g t h s  o f  c a r r a g e e n a n  i n  p l a n t s
o f  G i g a r t i n a  c o l l e c t e d  from  Cumbrae I s l a n d  
a n d  k e p t  a t  v a r io u s  s a l i n i t i e s .
S .D . i s  s m a l l  v a lu e  and  d i f f i c u l t  t o  r e p r e s e n t  
on t h e  f i g u r e .
F ig u re  2 9 ( b ) :  Shows c a r r a g e e n a n  c o n te n t s  i n  p l a n t s  o f  G i g a r t i n a
c o l l e c t e d  fro m  Cumbrae I s l a n d  a n d  k e p t  a t  v a r io u s  
s a l i n i t i e s .
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G el s t r e n g t h :
As shown i n  T a b le  13 a a d  F ig u re  2 8 , t h e r e  was a  n e g a t i v e  c o r r e l a t i o n  
b e tw e e n  s a l i n i t y  an d  g e l  s t r e n g t h ,  i . e .  t h e  v a lu e  o f  g e l  s t r e n g t h  
i n c r e a s e d  a t  low  s a l i n i t i e s  an d  v i c e  v e r s a .  T h ese  r e s u l t s  m ig h t e x p la in  
once m ore t h e  f a c t  t h a t  p l a n t s  o f  Loch L ong , w h ic h  grow  i n  e s t u a r i n e  
h a b i t a t s  and  may b e  c o v e re d  w i th  w a te r  o f  low  s a l i n i t y  f o r  som etim e 
d u r in g  t h e  t i d a l  c y c l e ,  h a v e  s t r o n g e r  g e l  th a n  p l a n t s  c o l l e c t e d  fro m  
P o r te n c r o s s  and  Cumbrae I s l a n d ,  S i m i l a r  r e s u l t s  w e re  fo u n d  b y  M a rs h a l l  
e t  a l  ( 1 9 ^ 9 ) who s t a t e d  t h a t  w a sh in g  o f  t h e  seaw eed  w i th  r u n n in g  w a te r  
(up  t o  12 h o u r s )  rem oved  r e a d i l y  d i f f u s i b l e  s a l t s  a s  w e l l  as  a  c e r t a i n  
am ount o f  o r g a n ic  m a t t e r  w i th  u n d e s i r a b l e  p r o p e r t i e s  a n d  th e  e f f e c t  
o f  t h i s  w a sh in g  on t h e  f i n a l  g e l  was t o  i n c r e a s e  i t s  h a r d n e s s ,
(b )  I l l u m i n a t i o n  ;
F iv e  d i f f e r e n t  l e v e l s  o f  i l l u m i n a t i o n  w e re  t e s t e d ;  1+00 l u x ,
6 0 0  l u x ,  8 0 0  l u x ,  1200 l u x  a n d  2 UOO l u x .  U nder e a c h  o f  t h e s e  
i l l u m i n a t i o n s  p l a n t s  o f  G i g a r t i n a  c o l l e c t e d  fro m  Cumbrae I s l a n d  
w ere  k e p t  f u l l y  su b m erg ed  f o r  tw o w eeks (24 A p r i l  -  7 May) a t  12^C , 
d a y le n g th  o f  1 2  h o u rs  and  a t  a  s a l i n i t y  o f  3 2 ^o a n d  th e n  t h e  c a r r a g e e n a n  
c o n te n t s  and  g e l  s t r e n g t h s  w ere  m e a su re d  as d e s c r i b e d  b e f o r e .
R e s u l t s  a r e  su m m arised  i n  T a b le  l 4  an d  F ig u r e  3 0 (a )  an d  ( b ) .
C a rra g e e n a n  c o n te n t s  :
C a r ra g e e n a n  c o n te n t s  w ere  n o t  a f f e c t e d  v e ry  much b y  d i f f e r e n t  
l e v e l s  o f  i l l u m i n a t i o n .  A s l i g h t  r e d u c t io n  in  c a r r a g e e n a n  c o n te n t  was 
o b s e rv e d  w i th  p l a n t s  k e p t  u n d e r  i l l u m i n a t i o n s  o f  400 l u x  a n d  6 0 0  l u x .
The h i g h e s t  v a lu e  o f  c a r r a g e e n a n  w as r e c o r d e d  w i th  p l a n t s  k e p t  a t  
24-00 lu x  f o r  tw o w eeks .
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T a b le  ( l U ) : E f f e c t  o f  v a r io u s  l e v e l s  o f  i l l u m i n a t i o n  on
C a rra g e e n a n  c o n te n t  a n d  g e l  s t r e n g t h  o f  p l a n t s  
o f  G i g a r t i n a  k e p t  f o r  tw o w eeks f u l l y  subm erg ed  
i n  s e a w a te r  a t  12°C , d a y le n g th  o f  12 h o u r s  and  
s a l i n i t y  o f  32%o . P l a n t s  c o l l e c t e d  fro m  Cumbrae 
I s l a n d  i n  A p r i l  19TT*
" -« .J ^ u m in a tio n s
Propertie^''~~-'.,__^_^
m ea su red
UOO lu x 6 0 0  l u x 800 lu x 1200 l u x 2400 l u x
C a rra g e e n a n  as 3 9 .5 4 0 .0 4 0 .5 4 2 .5 4 4 .5
%  o f  d ry  w e ig h t 3 ^ .0 4 2 ,5 4 4 .5 3 8 .5 4 2 .5
4 3 .5 3 6 .5 3 7 .0 4 7 .0 4 9 .0
G el s t r e n g t h 2 3 .5 2 4 .0 2 4 .0 2 3 .0 2 0 .0
i n  gram s 2 4 .0 2 2 .5 2 4 .0 2 5 . 0 1 8 .5
2 3 .5 2 5 .0 2 4 .5 2 0 .5 2 0 .5
F ig u re  3 0 ( a ) :  Shows g e l  s t r e n g t h s  o f  c a r r a g e e n a n  o f  p l a n t s
o f  G i g a r t i n a  c o l l e c t e d  from  Cumbrae I s l a n d  
an d  k e p t  u n d e r  v a r io u s  i l l u m i n a t i o n s .
S .D . i s  v e ry  s m a l l  v a lu e  a n d  d i f f i c u l t  t o  
r e p r e s e n t  on t h e  F i g u r e .
F ig u r e ’ 3 0 ( b ) :  Shows c a r r a g e e n a n  o f  p l a n t s  o f  G i g a r t i n a
c o l l e c t e d  fro m  Cumbrae I s l a n d  and  k e p t  
u n d e r  v a r io u s  i l l u m i n a t i o n s .
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G el s t r e n g t h :
A g a in  i l l u m i n a t i o n s  show ed s l i g h t  e f f e c t s  on t h e  g e l  s t r e n g t h .
As shown i n  T a b le  l 4  an d  F ig u r e  2 8 , t h e r e  w ere  n o  c l e a r  d i f f e r e n c e s  
in  g e l  s t r e n g t h  a t  a l l  l e v e l s  o f  i l l u m i n a t i o n  e x c e p t  a t  2400 lu x  
w h ere  s l i g h t l y  w e a k e r  g e l  was o b t a in e d .
( c )  D a y le n g th  re g im e s  :
P l a n t s  o f  G i g a r t i n a  c o l l e c t e d  fro m  Cumbrae I s l a n d  w ere  k e p t  
f u l l y  su b m erg ed  f o r  tw o w eeks ( 4 - 1 7  M arch) u n d e r  t h r e e  d i f f e r e n t  
d a y le n g th  r e g im e s ;  L /D ; 8 : l 6 ,  1 2 :1 2  a n d  l 6 : 8  a t  12^C , 2400 l u x
an d  s a l i n i t y  o f  32%o , a n d  th e n  th e  c a r r a g e e n a n  c o n te n t s  an d  g e l  
s t r e n g t h s  w e re  m e a su re d  a s  d e s c r ib e d  b e f o r e .
R e s u l t s  a r e  su m m arised  i n  T a b le  15 and  F ig u r e  3 1 (a )  and  ( b ) .
I t  i s  c l e a r  fro m  t h e s e  d a t a  t h a t  l i g h t  d u r a t i o n  i s  n o t  a  c r u c i a l  
f a c t o r  c o n t r o l l i n g  t h e  q u a n t i t y  an d  q u a l i t y  o f  c a r r a g e e n a n .  A 
s l i g h t  i n c r e a s e  i n  c a r r a g e e n a n  c o n te n t  was o b s e rv e d  fro m  d a y le n g th  
o f  8 : l 6  t o  l 6 :  8 ,  b u t  ev en  u n d e r  t h e  s h o r t e s t  d a y le n g th  reg im e  
c a r r a g e e n a n  c o n te n t s  w ere  l i t t l e  c h a n g e d . T h ese  r e s u l t s  d i s a g r e e d  
w i th  p r e v io u s  o b s e r v a t io n s  w h ich  show ed t h a t  c a r r a g e e n a n  i n  a l l  
l o c a l i t i e s  e x h i b i t e d  maximum v a lu e  i n  s p r i n g  m on ths w h ere  t h e  day 
i s  l o n g e r ,  t h i s  may b e  due t o  t h e  s h o r t  p e r i o d  o f  e x p e r im e n t  (tw o  
w e e k s ) .
G el s t r e n g t h  a s  shown i n  T a b le  15 and  F ig u r e  3 0 (b )  a s  u s u a l  
show ed an  o p p o s i t e  t r e n d  t o  t h e  c a r r a g e e n a n  c o n t e n t ,  a n d  t h e  l o n g e r  
l i g h t  p e r i o d  i s  c o n n e c te d  w i th  w e a k e r g e l  w h i le  t h e  s h o r t  d a y le n g th  
reg im e  i s  c o n n e c te d  w i th  s t r o n g e r  g e l .
100.
T a b le  ( l 5 ) :  E f f e c t  o f  d a y le n g th  re g im e s  on c a r r a g e e n a n
c o n te n t  a n d  g e l  s t r e n g t h  o f  p l a n t s  o f  
G i g a r t i n a  k e p t  f o r  tw o w eeks f u l l y  su b m erg ed  
i n  s e a w a te r  a t  12°C , 2^00 lu x  a n d  s a l i n i t y  o f  
32^0 . P l a n t s  c o l l e c t e d  from  Cumbrae I s l a n d  
i n  M arch 19TT*
^ ^ ^ ^ ^ ^ ^ D a y le n g th  
P r o p e r t i e s ^  ___^_^reg^es 
m ea su red  '
8 : l6 1 2 :1 2 1 6 : 8
C a rra g e e n a n  as k 2 .0 4 4 .0 4 9 .0
%  o f  d ry  w e ig h t 4 7 .5 4 6 .0 5 3 .5
3 9 '0 4 3 .0 4 4 .5
G el s t r e n g t h 2 4 .5 2 3 .0 1 9 .5
i n  gram s 2 3 .5 2 3 .5 2 0 .0
2 4 .5 2 4 .5 2 0 .0
F ig u re  3 1 (a )  : Shows g e l  s t r e n g th  o f  c a r ra g e e n a n  o f  p la n t s
o f  G i g a r t i n a  c o l l e c t e d  fro m  Cumbrae I s l a n d  
an d  k e p t  u n d e r  v a r io u s  d a y le n g th  r e g im e s . 
S .D . i s  v e r y  s m a l l  v a lu e  and  d i f f i c u l t  t o  
r e p r e s e n t  on t h e  F ig u r e .
F ig u re  3 1 (b )  : Shows c a r r a g e e n a n  c o n te n t s  o f  p l a n t s  o f
G i g a r t i n a  c o l l e c t e d  fro m  Cumbrae I s l a n d  
a n d  k e p t  u n d e r  v a r io u s  d a y le n g th  r e g im e s . 
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(d )  S ubm ergence i n  s e a w a te r :
F iv e  d i f f e r e n t  p e r io d s  o f  su b m erg en ce  i n  s e a w a te r  w ere  o b t a in e d  
b y  t h e  t i d e  m ach in e  a s  d e s c r i b e d  i n  C h a p te r  2 ,  p a g e  ( 3 0 ) ;  4 h o u r s / d a y ,
8 h / d ,  12 h / d j  l 8  h / d  a n d  f u l l  su b m e rg e n c e . U nder e a c h  o f  t h e s e  
p e r io d s  p l a n t s  o f  G i g a r t i n a  c o l l e c t e d  fro m  Cumbrae I s l a n d  w e re  k e p t  
f o r  tw o w eeks (22  J u n e  -  5 J u ly )  a t  12°C , 2400 l u x ,  s a l i n i t y  o f  32%o 
an d  a  d a y le n g th  o f  12 h o u r s , an d  t h e n  th e  c a r r a g e e n a n  c o n te n t s  and  
g e l  s t r e n g t h s  w e re  m e a su re d  a s  d e s c r ib e d  b e f o r e .
R e s u l t s  o f  t h i s  e x p e r im e n t  a re  su m m arised  in  T a b le  l 6  and  
F ig u re  3 2 (a )  an d  ( b ) .  T hese  r e s u l t s  show ed c l e a r l y  t h a t  b o th  
c a r r a g e e n a n  c o n te n t s  a n d  g e l  s t r e n g t h s  w ere  a f f e c t e d  b y  t h e  d i f f e r e n t  
p e r io d s  o f  su b m e rg e n c e . C a rra g e e n a n  c o n te n t  show ed a  n e g a t iv e  
c o r r e l a t i o n  w i th  p e r io d s  o f  su b m e rg e n c e , t h e  h i g h e r  c a r r a g e e n a n  
c o n te n t s  w ere  o b t a in e d  u n d e r  t h e  s h o r t  p e r i o d  o f  su b m erg en ce  and  
lo w e r  c a r r a g e e n a n  c o n te n t s  o b ta in e d  u n d e r  l o n g e r  p e r io d s  o f  su b m erg en ce  
and  a t  f u l l  su b m e rg e n c e .
G el s t r e n g t h  show ed a  p o s i t i v e  c o r r e l a t i o n  w i th  p e r i o d  o f  
su b m e rg e n c e . A s t r o n g e r  g e l  o b t a in e d  w i th  l o n g e r  p e r i o d s  o f  
su b m erg en ce  an d  v i c e  v e r s a .
102,
T a b le  ( 1 6 ) ;  E f f e c t  o f  d i f f e r e n t  p e r io d s  o f  su b m erg en ce  on 
c a r r a g e e n a n  c o n te n t  an d  g e l  s t r e n g t h  o f  p l a n t s  
o f  G i g a r t i n a  k e p t  f o r  tw o w eeks a t  1 2 ^ 0 , 2400 l u x ,  
d a y le n g th  o f  12 h o u rs  and  s a l i n i t y  o f  32%o .
P l a n t s  c o l l e c t e d  fro m  Cumbrae I s l a n d  i n  Ju n e  19TT.
m ea su red
h  h /d 8 h / d 1 2  h / d 1 6  h / d 24 h / d
C a rra g e e n a n  a s  % 5 9 . 0 4 6 .5 4 3 . 0 3 6 . 5 3 2 . 5
o f  d ry  w e ig h t
53-5 4 6 .0 3 9 . 5 4 1 .5 3 0 . 5
5 0 . 5 4 5 . 0 4 6 .0 3 2 . 0 3 4 . 5
G el s t r e n g t h 1 5 . 0 2 0 . 5 2 2 .0 3 1 .0 3 6 . 5
i n  gram s 1 5 . 5 2 0 .0 2 1 . 5 3 0 . 0 3 5 . 0
1 6 . 0 2 0 .0 2 2 .0 3 1 .0 3 5 . 0
Figure 3 2 ( a ) :  Shows g e l  s tr e n g th s  o f  carrageenan o f  p la n ts
o f  G i g a r t i n a  c o l l e c t e d  fro m  Cumbrae I s l a n d  
an d  k e p t  f o r  d i f f e r e n t  p e r io d s  o f  subm ergence  
i n  s e a w a te r .
S .D . i s  v e ry  s m a l l  v a lu e  a n d  d i f f i c u l t  t o  
r e p r e s e n t  on t h e  F ig u r e .
F ig u re  3 2 ( b ) :  Shows c a r r a g e e n a n  c o n te n t s  o f  p l a n t s  o f
G i g a r t i n a  c o l l e c t e d  fro m  Cumbrae I s l a n d  
an d  k e p t  f o r  d i f f e r e n t  p e r io d s  o f  su b m erg en ce  
in  s e a w a te r .
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7 .4  D e te rm in a t io n  o f  C a rra g e e n a n  c o n te n t s  and  g e l  s t r e n g t h s  i n
p l a n t s  o f  G i g a r t i n a  o f  d i f f e r e n t  s t a g e s  o f  m a t u r i t y .
F ig u re  (1 5 )  i n  C h a p te r  5 ,  shows t h a t  t h e  maximum s p o re  
d i s c h a r g e  o f  p l a n t s  o f  G i g a r t i n a  fro m  t h e  t h r e e  l o c a l i t i e s  i n  t h e  
F i r t h  o f  C lyde w as r e c o r d e d  i n  S e p te m b e r  th ro u g h  Decem ber. T h is  
p e r i o d  as shown i n  F ig u re  27 i s  c o n n e c te d  w i th  lo w e r  c a r r a g e e n a n  
c o n te n t s  an d  s t r o n g e r  g e l .  On t h e  o t h e r  h a n d  F ig u r e  15 a l s o  shows 
t h a t  t h e  minimum s p o r e  d i s c h a r g e  ( s t e r i l e  p l a n t s )  i s  i n  A p r i l  
th ro u g h  J u ly .  T h is  p e r i o d , a s  shown i n  F ig u re  2 7 ,  i s  c o n n e c te d  w i th  
h i g h e r  c a r r a g e e n a n  c o n te n t  and  w e a k e r  g e l .
The aim  o f  t h i s  e x p e r im e n t  was t o  com pare t h e  c a r r a g e e n a n  
c o n te n t  an d  g e l  s t r e n g t h s  o f  t h e  m ost f e r t i l e  p l a n t s  o f  G i g a r t i n a  
an d  o f  t h e  s t e r i l e  p l a n t s  o f  G i g a r t i n a . F o r  t h i s  p u r p o s e ,  t h e  
c a r r a g e e n a n  c o n te n t s  a n d  g e l  s t r e n g t h s  w ere  m e a su re d  i n  5 d i f f e r e n t  
s t a g e s  o f  m a t u r i t y  o f  p l a n t s  o f  G i g a r t i n a  as  d e s c r i b e d  i n  C h a p te r  2 ,  
p a g e  ( 2 5 ) .  T h is  was done w i th  p l a n t s  from  a l l  t h r e e  l o c a l i t i e s .
R e s u l t s  a r e  su m m arised  i n  T a b le s  (1 7 ) an d  ( I 8 ) a n d  i l l u s t r a t e d  
i n  F ig u r e s  (33 ) an d  ( 3 4 ) .  As shown from  t h e s e  r e s u l t s ,  c a r r a g e e n a n  
c o n te n t s  o f  p l a n t s  o f  G i g a r t i n a  fro m  a l l  t h r e e  l o c a l i t i e s  was h i g h e r  
when m e a su re d  i n  t h e  s t e r i l e  p l a n t s  an d  i t  i s  a lw a y s  lo w e r  when 
m e a su re d  i n  t h e  m ost f e r t i l e  p l a n t s .  G el s t r e n g t h  show ed an  o p p o s i t e  
t r e n d ,  i . e .  t h e  m ost f e r t i l e  p l a n t s  h av e  s t r o n g e r  g e l  an d  t h e  s t e r i l e  
p l a n t s  h a v e  w e a k e r  g e l .
T h e r e f o r e ,  th esre  r e s u l t s  c o n f irm  t h e  f a c t  t h a t  i t  s h o u ld  b e  a  
s e a s o n a l  v a r i a t i o n  i n  b o th  t h e  c a r r a g e e n a n  c o n te n t s  a n d  g e l  s t r e n g t h s .  
T h e se  r e s u l t s  d i s a g r e e d  w i th  t h e  r e s u l t s  o f  F u l l e r  (1 9 7 1 ) who s t u d i e d  
c a r r a g e e n a n  o f  C hondrus c r i s p u s  fro m  New H a m p sh ire , U .S .A . and  s t a t e d
10k
Table IT : Measurement o f  carrageenan content o f  p la n ts  o f  d if fe r e n t
sta g es  o f  m aturity c o lle c te d  from th e  d if fe r e n t  l o c a l i t i e s  
in  th e  F irth  o f  Clyde area.
CUMBRAE ISLAND
S ta g e  1 S ta g e  2 S ta g e  3 S ta g e  k S ta g e  5
a .  T 3 .3# 7 5 .2 ^ k 9 * 0 % UO.0 % 41.7%
b .  8 0 . 9 ^ 7 8 . 2 % 5 1 . 8 % U2 . 8 % 49.2%
c .  7 5 .6 ^ 76.9% U9.6% 47.0% 5 0 . 0 %
Mean = 7 6 .6 ^ 7 6 . 8 % 5 0 . 1 % 43.3% 4 7 . 0 %
3.D . = 3 .9 1 .5 1 .5 3 .5 4 . 6
PORTENCROSS
Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
a. 7 3 . 6 % 7 6 . 0 % 4 9 . 0 % 46.0% 4 7 . 8 %
b .  8 1 . 5 % 8 0 . 5 % 53.0% 5 0 . 5 % 5 3 . 2 %
c . 8 0 . 2 % 7 9 . 5 % 5 1 . 0 % 4 9 . 5 % 5 1 . 0 %
Mean = 7 8 .4 7 8 . 7 % 5 1 . 2 % 48.7% 5 0 . 7 %
S.D. = 4 .2 2 .4 2 .0 2 .4 2 . 7
LOCH LONG
S ta g e  1 S ta g e  2 S ta g e  3 S ta g e  4
' ............. -  - 1
S ta g e  5
a . 42.5% 42.9% 3 7 . 5 % 20.8% 1 8 . 0 %
b . 46.2% 34.8% 3 1 . 5 % 24.7% 1 7 . 3 %
c . 44.2% 3 8 . 9 % 3 4 . 3 % 2 7 . 2 % 21.3%
Mean = 44.3% 3 8 . 9 % 34.4% 24.2% 1 8 . 9 %
S .D . = 1 . 9 4 .0 3 . 0 3 .2 2 .2
105.
T ab le  l 8 ;  M easurem ents o f  t h e  g e l  s t r e n g t h  i n  th e  d i f f e r e n t  s ta g e s
o f  m a tu r i ty  o f  p l a n t s  o f  G ig a r t i n a  s t e l l a t a  c o l l e c t e d  from  
t h e  d i f f e r e n t  l o c a l i t i e s  i n  t h e  F i r t h  o f  C ly d e .
CUMBRAE ISLAND
S ta g e  1 S ta g e  2 S ta g e  3 S ta g e  4 S ta g e  5
20 . Og 2 0 . Og 2 3 .Og 2 4 .Og 29 . Og
2 1 .5 s 19 . Og 2 3 .Og 2 5 .Og 29 . Og
2 0 . Og 2 2 . Og 2 4 .Og 2 3 .5 s 29 . Og
Mean = 2 0 .5g 2 0 .3g 2 3 .3g 2 4 .2g 29 . Og
PORTENCROSS
S ta g e  1 s ta g e  2 S ta g e  3 S ta g e  4 S ta g e  5
1 5 . Og 1 8 . Og 1 8 . Og 1 7 .0 g 19 . Og
1 4 .5 s 1 8 . 5g 1 8 . Og 1 7 .5 s 1 7 .5 s
l 4 .0 g 1 7 .0 g 1 9 . Og l 6 . 5 s 2 0 .Og
Mean = l 4 .3 g 1 7 .8g 1 8 . 3g 1 7 .Og 1 8 .8g
LOCH LONG
S ta g e  1 S ta g e  2 S ta g e  3 S ta g e  4 S ta g e  5
3 3 .5 s 40. Og 40. Og 44. Og 48.Og
34.Og 38.5g 4l.0g 45.0g 1*7.Og
35.Og 39.5s 4l.0g 43.5s 50.Og
Mean = 34.2g 39.3s 40.7s 44.2g i*8.7g
F ig u re  33 : Shows th e  c a rra g e e n a n  c o n te n ts  in  d i f f e r e n t
s t a g e s  o f  m a t u r i t y  o f  p l a n t s  o f  G i g a r t i n a  fro m  
a l l  t h r e e  l o c a l i t i e s .
S ta g e  1
It 2
" 3
" k  
" 5
f ro n d s  w i th o u t  any  p a p i l l a e  
f ro n d s  w i th  i n i t i a t i o n  o f  p a p i l l a e  
f ro n d s  w i th  many im m atu re  p a p i l l a e  
f ro n d s  w i th  some m a tu re  p a p i l l a e  
f ro n d s  w i th  a l l  p a p i l l a e  f e r t i l e
A = Loch Long 
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F ig u re  34: Shows th e  g e l  s t r e n g th  in  d i f f e r e n t  s ta g e s
o f  m a t u r i t y  o f  p l a n t s  o f  G ig a r t i n a  from  a l l  
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t h a t  p l a n t  a g e ,  r e p r o d u c t i o n ,  v e r t i c a l  p o s i t i o n  an d  e ^ ^ o s u re  t o  
wave a c t i o n  h a d  no  e f f e c t  on t h e  q u a n t i t y  o r  p r o p e r t i e s  o f  
c a r r a g e e n a n .
lOT
CHAPTER 8 .
FURTHER EXPERIMENTAL STUDIES ON GIGARTINA STELLATA 
IN RELATION TO HABITAT CONDITIONS;
The tough f le sh y  fronds o f  G igartina from Portencross contain  
more carrageenan hut w ith  a weaker g e l stren gth  compared w ith the  
th in  papery fronds o f  p la n ts  from Loch Long w ith  th e ir  lower 
carrageenan contents and stron ger g e l .  P lants from Cumbrae Islan d  
w ith an in term ediate  fronds th ick n ess have an in term ediate  carrageenan 
content and g e l stren g th .
I t  has heen su ggested  th a t th ic k  c e l l  w a lls  and in tr a c e llu la r  
m atrices in  in t e r t id a l  marine algae (o f  which carrageenan is  a ty p ic a l  
example) are o f  fu n ctio n a l s ig n if ic a n c e  for th e fo llo w in g  reasons;
(a) They act as a c e l l  ’cu sh ion ’ aga in st p h y sic a l damage due 
to  wave shock.
(h) They act as a ’b u ffe r  system ’ to  prevent e x c e ss iv e  water 
lo s s  from the v ic in i t y  o f  c e l l s  during in t e r t id a l  drou^it 
p e r io d s .
(c ) They act as a ’ free  sp ace’ to  prevent a rap id  lo s s  o f  
inorgan ic ions when p lan ts are immersed in  fresh  or 
brackish  w ater.
From the r e s u lt s  o f  th e presen t s tu d ies  on carrageenan, c er ta in  
questions can be asked; Do th e G igartina p la n ts  from th ese  d if fe r e n t  
l o c a l i t i e s  have the same a b i l i t y  to  w ithstand dehydration?; Do the  
dried  p la n ts  o f  G igartina from the th ree l o c a l i t i e s  have the same 
a b i l i t y  to  recover when put back in to  seaw ater; and why does the  
carrageenan o f  p la n ts  from the d if fe r e n t  l o c a l i t i e s  have d if fe r e n t  
values o f  g e l strength?
108.
The answers to  th ese  q u estion s need to  h e . obtained  by means o f  
experim ental s tu d ie s .
8 .1  The r a t e s  o f  w a te r  l o s s  o f  G i g a r t i n a  fro m  t h e  d i f f é r e n t  
l o c a l i t i e s .
The a b i l i t y  o f  p la n ts  o f G igartina to  postpone th e  onset o f  t i s s u e  
dehydration was i n i t i a l l y  a ssessed  by measuring d e s ic c a tio n  ra tes  in  
in d iv id u a l young p lan ts  usin g  the method o u tlin ed  in  Chapter 2 , page 
( 3  ^ ) .  Drying was carr ied  out in  the laboratory  in  which temperature 
and r e la t iv e  hum idity f lu c tu a te d  somewhat. However, s in c e  th e  samples 
were dried  over th e  same p eriod  o f  tim e , th ey  underwent the same v a r ia tio n s  
o f  atm ospheric c o n d it io n s , and a d ir e c t comparison i s  v a lid . The 
importance o f  the sam ple's s iz e  in  determ ining i t s  r e la t iv e  dehydration  
was demonstrated by Schonbeck (1976). In the p resen t experiment th e  
d es icc a tio n  ra tes  o f  th e d if fe r e n t  p lan ts were obtained  only w ith p lan ts  
o f  s im ila r  s iz e .  The course o f  d e s icca tio n  was compared in  three s e ts  
o f  p la n ts , each s e t  c o n s is t in g  o f  10 p lan ts from Loch Long, 10 p la n ts  
from Cumbrae Is la n d  and 10 p la n ts  from P orten cross. P lan ts  were 
weighed at in te r v a ls  o f  2 hours over a drying p eriod  o f  12 h ou rs.
The f in a l  drying was ca rr ied  out by p la c in g  p la n ts  in  d e s icc a to r  for  
3 days.
R esu lts are summarised in  Tables 19 , 20 and 21 and i l lu s t r a t e d  
in  Figure 35. D e ta ils  o f  th e  r e s u lt s  are as fo llo w s:
(a) A sharp decrease in  w eight o f  p lan ts from Loch Long was observed  
a fte r  the f i r s t  two hours (on ly  50  ^ o f  th e  i n i t i a l  fresh  weight 
rem ained). A slow gradual decrease in  w eight o f  p la n ts  was 
recorded during th e  fo llo w in g  10 hours. The p la n ts  lo s t  65  ^ o f  th e ir  
fresh  w e i^ t  in  the 12 hours drying p er iod . When p lan ts were put
109.
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F ig u r e  35 : R a te s  o f  w a te r  l o s s  o f  p l a n t s  o f  G i g a r t i n a
fro m  th e  t h r e e  l o c a l i t i e s  i n  t h e  F i r t h  o f  C lyde
#  P l a n t s  from  P o r t e n c r o s s .
▼ P l a n t s  fro m  Cumbrae I s l a n d .





i n  d e s i c c a t o r  f o r  3 d a y s ,  t h e y  o n ly  l o s t  3% i n  t h e  3 d a y s ,  a n d  
t h e  f i n a l  d ry  w e ig h t was 32^ o f  t h e  i n i t i a l  f r e s h  w e i ^ t .
(h )  P l a n t s  fro m  P o r te n c r o s s  seem  t o  h e  a b le  t o  p o s tp o n e  t h e  t i s s u e  
d e h y d r a t io n  m ore t h a n  p l a n t s  fro m  Loch L o n g , s in c e  p l a n t s  l o s t  
o n ly  35% o f  t h e i r  i n i t i a l  f r e s h  w e ig h t  a f t e r  tw o  h o u r s ,  a g a in  
s lo w  g r a d u a l  d e c r e a s e  i n  w e ig h t  o f  p l a n t s  was o b s e r v e d ,  and  
a f t e r  12 h o u r s  d r y in g  p e r i o d  p l a n t s  l o s t  55% o f  t h e  i n i t i a l  f r e s h  
w e i ^ t .  An i n t e r e s t i n g  r e s u l t  was o b s e rv e d  w hen p l a n t s  w ere  p u t  i n  t h e  
d e s i c c a t o r  f o r  3 d a y s * , A s h a r p  d e c re a s e  i n  t h e  w e ig h t  was r e c o r d e d  
an d  t h e  f i n a l  d ry  w e ig h t  was 2 9 . 7 % o f  t h e  i n i t i a l  f r e s h  w e ig h t .
( c )  P l a n t s  fro m  Cumbrae I s l a n d  w ere  a l s o  a b le  t o  d e la y  t h e  r a t e  o f
w a te r  l o s s  fro m  t h e i r  t i s s u e .  P l a n t s  l o s t  o n ly  -^2% o f  t h e i r  w e ig h t 
i n  t h e  f i r s t  tw o h o u r s , an d  a  g r a d u a l  d e c r e a s e  i n  w e ig h t  o f  p l a n t s  
was o b s e rv e d  i n  t h e  f o l lo w in g  10 h o u rs  an d  a b o u t  h l %  o f  t h e  i n i t i a l  
w e ig h t  re m a in e d  a f t e r  12 h o u rs  d r y in g  p e r i o d .  A g a in  a  s h a rp  
d e c r e a s e  i n  t h e  w e ig h t  o f  p l a n t s  was r e c o r d e d  w hen p l a n t s  w ere  
p l a c e d  i n  a  d e s i c c a t o r  f o r  3 d ay s  and  t h e  f i n a l  d ry  w e ig h t  was 
30% o f  t h e  i n i t i a l  f r e s h  w e ig h t .
8 .2  R a te s  o f  io n s  l o s s  o f  p l a n t s  o f  G i g a r t i n a .
P l a n t s  o f  G i g a r t i n a  g ro w in g  i n  t h e  e s t u a r i n e  h a b i t a t  o f  Loch Long 
may b e  c o v e re d  w i th  w a te r  o f  v e r y  low  s a l i n i t y  f o r  some p e r io d s  a t  low  
t i d e .  T h ese  p l a n t s  h a v e  a  lo w e r  c a r r a g e e n a n  c o n te n t  b u t  o f  h i g h e r  g e l  
s t r e n g t h .  F u r th e r m o r e ,  b y  k e e p in g  p l a n t s  o f  G i g a r t i n a  fro m  Cumbrae 
I s l a n d  i n  w a te r  o f  r e d u c e d  s a l i n i t y  a  s i m i l a r  r e s u l t  w as o b t a i n e d ,  i . e .  
lo w e r  c a r r a g e e n a n  c o n te n t  an d  s t r o n g e r  g e l ( p .9 ’5) • M a r s h a l l  e t  a l  (1 9 ^9 ) 
fo u n d  t h a t  t h e  p r e l i m i n a r y  w a sh in g  o f  seaw eed  (u p  t o  12 h o u r s  i n  ru n n in g
F ig u r e  3 6 : R a te s  o f  c h l o r i d e  io n s  l o s s  i n  p l a n t s  o f
G i g a r t i n a  from  t h e  t h r e e  l o c a l i t i e s  i n  t h e  
F i r t h  o f  C ly d e .
A. R a te s  o f  c h l o r i d e  io n s  l o s s  i n  p l a n t s  
f r e s h l y  c o l l e c t e d  fro m  t h e  s h o r e .
B. R a te s  o f  c h lo r i d e  io n s  l o s s  i n  p l a n t s  
from  p r e v io u s  t r e a tm e n t  a f t e r  b e in g  
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w a te r )  rem oved  r e a d i l y  d i f f u s i b l e  s a l t s  a s  w e l l  a s  a  c e r t a i n  am ount
o f  s a l t  w i th  u n d e s i r a b l e  p r o p e r t i e s  and  t h e  e f f e c t  o f  t h i s  w a sh in g  on
t h e  f i n a l  g e l  w as t o  i n c r e a s e  i t s  h a r d n e s s .  Z a b ik  a n d  A ld r ic h  ( 1 9 6 8 )
r e p o r t e d  t h a t  io n -e x c h a n g e d  k a p p a -c a r r a g e e n a n  w i th  AÆ, Fe^"*"
2+an d  Sn p r e v e n te d  g e l  f o r m a t io n .  The o t h e r  io n -e x c h a n g e d  c a r r a g e e n a n
h a d  s i g n i f i c a n t l y  lo w e r  g e l  s t r e n g t h  t h a n  t h e  n o n -e x c h a n g e d  c a r r a g e e n a n .
2+ 2 +
F u r th e r m o r e ,  t h e y  fo u n d  t h a t  t h e  Mg an d  Ca e x c h a n g e d  c a r r a g e e n a n  
h a d  g r e a t e r  g e l  s t r e n g t h  t h a n  t h e  ' and  N a^* -  c a r r a g e e n a n .  The
+ 1  2 + 2 + 1 +
u s e  o f  KCl w i th  t h e  C a, Mg and  Na -  e x c h a n g e d  r e s u l t e d  i n  i n c r e a s e d
g e l  s t r e n g t h .
G e ssn e r  a n d  Hammer ( 1 9 6 8 ) s t a t e d  t h a t  i n  d i s t i l l e d  w a t e r , m a r in e  
b e n th i c  a lg a e  im m e d ia te ly  l o s e  i o n s .  I n  t h e  p r e s e n t  e x p e r im e n t  t h i s  
phenom enon was d e m o n s t r a te d  b y  m eans o f  c h lo r i d e  t i t r a t i o n .  D e t a i l s  
o f  t h e  m eth o d  a r e  o u t l i n e d  i n  C h a p te r  2 ,  p ag e  ( SU ) .
R e s u l t s  a r e  i l l u s t r a t e d  i n  F ig u r e  3 6 ( a )  a n d  ( b ) .  As i s  c l e a r  
from  F ig u r e  3 6 ( a ) ,  p l a n t s  o f  G i g a r t i n a  from  a l l  d i f f e r e n t  l o c a l i t i e s  
show ed t h e  sam e p a t t e r n  o f  t h e  c h l o r i d e  io n  l o s s ,  i . e .  maximum l o s s  
was o b s e rv e d  i n  t h e  f i r s t  m in u te ,  t h e n  l o s s  d e c l i n e d  d u r in g  t h e  
f o l lo w in g  m in u te s . G e s s n e r  an d  Hammer ( I 9 6 8 ) s u g g e s te d  t h a t  io n  
m ovem ents o u t  a n d  i n t o  t h e  f r e e  s p a c e  a r e  in v o lv e d .  T hrough  i t s  
f r e e  s p a c e  t h e  a l g a  e s t a b l i s h e s  an  i o n i c  e q u i l i b r i u m  w i t h  i t s  
e x t e r n a l  m edium . I f  t h e  a lg a e  a r e  k i l l e d  o r  i n j u r e d  t h e  e x t e n t  o f  
c h lo r i d e  l o s s  i s  much h i g h e r .  A t a l l  t im e s  f ro n d s  o f  G i g a r t i n a  fro m  
Loch Long l o s t  m ore c h l o r i d e  io n s  t h a n  p l a n t s  fro m  o t h e r  l o c a l i t i e s »  
t h i s  h o w ev er may b e  e x p la in e d  b y  th e  f a c t  t h a t  t h e  r a t e  o f  l o s s  o f  
c h lo r i d e  io n s  was r e l a t e d  t o  t h e  w e ig h t  o f  t h e  t h a l l u s  a n d  n o t  t o  i t s  
s u r f a c e  a r e a .  ■ S in c e  p l a n t s  o f  Loch Long o f  t h e  same w e ig h t  h a v e
I l 4 .
s u b s t a n t i a l l y  l a r g e r  s u r f a c e  a r e a  t h a n  p l a n t s  fro m  o t h e r  l o c a l i t i e s ,  
t h e  r a t e  o f  io n  l o s s  w o u ld  h e  e x p e c te d  t o  h e  h i g h e r  when c o m p a red .o n  
a  f r e s h  w e ig h t  b a s i s .
When t h e  f ro n d s  o f  G i g a r t i n a  fro m  t h e  p r e v io u s  e x p e r im e n t  w e re  p u t  
b a c k  i n t o  n o rm a l s e a w a te r  f o r  48 h o u r s  a n d  t h e n  t h e  r a t e s  o f  l o s s  o f  
c h lo r i d e  io n s  a g a in  m e a s u re d , f ro n d s  o f  G i g a r t i n a  fro m  Loch Long as 
shown i n  F ig u r e  3 6 (b )  l o s t  m ore c h l o r i d e  io n s  t h a n  p l a n t s  fro m  t h e  
o t h e r  l o c a l i t i e s ,  a n d  t h i s  t im e  t h e  d i f f e r e n c e s  w ere  m ore o b v io u s .
A t a l l  t im e s  a  c o n s id e r a b l e  am ount o f  c h l o r i d e  io n s  was l o s t .  On t h e  
o t h e r  h a n d  p l a n t s  fro m  Cumbrae I s l a n d  and  P o r te n c r o s s  , w hen p u t  b a c k  
i n t o  s e a w a te r  f o r  48 h o u r s , d id  n o t  show any  s i g n i f i c a n t  d i f f e r e n c e s  
i n  t h e  r a t e s  o f  c h l o r i d e  io n s  fro m  p r e v io u s  r e s u l t s .  T h is  may b e  
r e a l t e d  t o  t h e  f a c t  t h a t  t h e  f ro n d s  o f  G i g a r t i n a  fro m  Loch Long a r e  
m ore s e n s i t i v e  t h a n  f ro n d s  o f  p l a n t s  from  Cumbrae I s l a n d  an d  P o r te n c r o s s  
w h ich  c o n ta i n  m ore c a r r a g e e n a n s  w h ich  p r e v e n t  t h e  r a p i d  l o s s  o f  c h lo r i d e  
i o n s .
8 .3  S tu d ie s  on p h o t o s y n t h e s i s  o f  G i g a r t i n a .
P h o to s y n th e s i s  i n  t h e  r e d  a l g a  G i g a r t i n a  h a r v e y a n a  was s t u d i e d  
b y  Em erson  an d  G reen  (1 9 3 4 ) who u s e d  p i e c e s  o f  _G. h a rv e y a n a  w e ig h in g  
l e s s  th a n  150  mg, s u s p e n d e d  i n  8 mi o f  o r d in a r y  s e a w a t e r .  They s t a t e d  
t h a t  t h e  r a t h e r  p r i m i t i v e  m ethods u s e d  i n  m e a s u r in g  p h o t o s y n t h e s i s  i n  
jG. h a rv e y a n a  do n o t  p e r m i t  much c o n t r o l  o f  e x t e r n a l  c o n d i t i o n s .  
P h o to s y n th e s i s  r i s e s  t o  a  maximum i n  a b o u t 15 m in u te s  a n d  so o n  a f t e r ­
w ards e n t e r s  an  a lm o s t  l i n e a r  d e c l i n e ,  T i is  d e c l i n e  i n  r a t e  o f  p h o to ­
s y n t h e s i s  was n o t  due t o  i r r e v e r s i b l e  i n j u r y  fro m  t h e  e x p e r im e n ta l  
c o n d i t i o n s , b u t  t o  a  s te a d y  f a l l  i n  t h e  c a rb o n  d io x id e  c o n c e n t r a t i o n
115.
b e c a u s e  o f  i t s  re m o v a l i n  p h o t o s y n t h e s i s .  T h is  w as overcom e b y  
s a t u r a t i n g  t h e  o r d in a r y  s e a w a te r  w i th  5^ CO^ i n  a i r .  B u rns  ( l 9 7 l )  
a n d  B urns a n d  M a th ie so n  (1 9 7 2 ) m e a su re d  t h e  r a t e s  o f  p h o t o s y n t h e s i s  
o f  p l a n t s  o f  G i g a r t i n a  s t e l l a t a  i n  6 mm d is c s  rem oved  fro m  t h e  t h i n  
f l a t t e n e d  p o r t i o n s  o f  t h e  t h a l l i .  The r a t e s  o f  o x y g en  e x c h an g e  i n  
t h e  sam p le  w e re  r e c o r d e d  i n  a  G i ls e n  D i f f e r e n t i a l  R e s p i r o m e te r .
R e s u l t s  o f  t h i s  s tu d y  show ed t h a t  l i g h t  s a t u r a t i o n  i n t e n s i t y  f o r  
p h o t o s y n t h e s i s  o f  _G. s t e l l a t a  i s  h i g h e r  t h a n  t h a t  f o r  many s u b l i t t o r a l  
p l a n t s . Maximum p h o t o s y n t h e s i s / r e s p i r a t i o n  r a t i o s  w e re  r e c o r d e d  a t  
20^C a n d  a t  4 0 ^ o .
I t  i s  assum ed  t h a t  t h e  m ea su re  o f  oxygen  l i b e r a t e  d i s  an  i n d i r e c t  
i n d i c a t i o n  o f  c a rb o n  f i x e d ,  an d  th u s  r e p r e s e n t s  p h o t o s y n t h e t i c  r a t e s .
I n  t h e  p r e s e n t  s tu d y ,  t h e  r a t e  o f  oxygen  l i b e r a t i o n  o f  p l a n t s  o f  
G i g a r t i n a  s t e l l a t a  w e re  m e a su re d  b y  t h e  m ethod  o u t l i n e d  i n  C h a p te r  2 ,  
p a g e  ( 3 2 ) .
( a )  M easurem en t o f  oxygen  l i b e r a t i o n  r a t e s  o f  p l a n t s  o f  G i g a r t i n a  
fro m  t h e  d i f f e r e n t  l o c a l i t i e s  i n  t h e  F i r t h  o f  C ly d e .
R a te s  o f  oxygen  l i b e r a t i o n  w e re  com pared  i n  p l a n t s  fro m  t h e  t h r e e  
l o c a l i t i e s .  Ten p l a n t s  fro m  e a c h  l o c a l i t y  w ere  i n c u b a t e d  f o r  2 h o u rs  
a t  12°C , 2400 l u x ,  t h e  r a t e s  o f  oxygen  l i b e r a t i o n  w ere m e a su re d  b y  
t h e  m ethod  o u t l i n e d  i n  C h a p te r  2 ,  p a g e  ( 3 2 ) .  R e s u l t s  a r e  su m m arised  
i n  T a b le  2 2 . R a te s  o f  oxygen  l i b e r a t i o n , c a l c u l a t e d  on a  w e t w e ig h t  
b a s i s  w ere  e s s e n t i a l l y  s i m i l a r  i n  p l a n t s  from  a l l  3 l o c a l i t i e s .  T h is  
was a  s u r p r i s i n g  r e s u l t  c o n s id e r in g  t h e  t o u ^ ,  f l e s h y ,  l a r g e  p l a n t s  o f  
P o r te n c r o s s  com p ared  w i th  t h e  t h i n  p a p e ry  f ro n d s  o f  p l a n t s  o f  Loch 
Long. H ow ever p l a n t s  o f  Loch Long h a v e  a  h i g h e r  p e r c e n t  d ry  m a t t e r  
th a n  p l a n t s  fro m  o t h e r  l o c a l i t i e s ,  an d  m ust f i x  m ore c a rb o n  th a n  p l a n t s
l l 6 .
fro m  P o r te n c r o s s  and  Cumbrae I s l a n d  t o  p ro d u c e  a  g iv e n  am ount o f  new 
t i s s u e .  T h e r e f o r e  G i g a r t i n a  fro m  Loch Long w o u ld  h e  e x p e c te d  t o  
p ro d u c e  som ew hat l e s s  new t i s s u e  p e r  u n i t  e x i s t i n g  t i s s u e  p e r  d a y , a n d  
w o u ld  show a  s lo w e r  w e i ^ t  g a in .  T h is  was fo u n d  t o  h e  t r u e  i n  t h e  
c u l t u r e  e x p e r im e n ts .  I t  h a s  h e e n  shown t h a t  G i g a r t i n a  i n  Loch Long 
h a v e  a  m ore h u sh y  h a h i t  o f  g ro w th  th a n  p l a n t s  fro m  t h e  o t h e r  
l o c a l i t i e s .  P l a n t s  fro m  Loch Long a n d  o t h e r  l o c a l i t i e s  a p p e a r  t o  
d i f f e r  n o t  i n  p h o t o s y n t h e t i c  r a t e ,  h u t  i n  how t h e y  a l l o c a t e  t h e i r  
p h o to s y n t h a t e ;  i . e .  t h e i r  g ro w th  s t r a t e g y .  The Loch Long p l a n t s  
p ro d u c e  a  h u s h y  t h a l l u s  com posed o f  t i s s u e  w i th  h ig h  d ry  m a t t e r  
c o n te n t  w h i le  G i g a r t i n a  fro m  P o r te n c r o s s  an d  Cum brae I s l a n d  u t i l i z e  
t h e i r  p h o to s y n th a te  t o  p ro d u c e  a  f l e s h y  to u g h  an d  l a r g e  p l a n t s .
T a h le  22 : C om parison  o f  oxygen  l i b e r a t i o n  r a t e s
(ug . O g /g /h )  o f  G i g a r t i n a  s t e l l a t a  
fro m  d i f f e r e n t  l o c a l i t i e s  ;
Mean : 
8.D.
Loch Long Cumbrae I s l a n d P o r t e n c r o s s
ik .O l 4 . 1 1 5 .8
1 1 .8 1 1 .T 1 4 .3
9 .0 1 4 .9 1 8 . 8
8 .6 1 5 .6 8 .9
1 4 .3 1 6 . 2 8 .5
1 6 . 0 l 4 . 8 l 4 . 6
1 0 .6 1 1 .5 l 4 . 0
8 .3 1 2 .4 9 .2
9 .T 1 2 .3 1 5 .1
1 0 .0 1 4 .T 1 1 .0
1 1 .2 5 1 3 .8 1 3 .0
2 .6 1 .7 3 .4
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(b )  C onrparison  o f  r a t e s  o f  oxygen  l i b é r â t  jo b  i n  p l a n t s  from  th e
3 l o c a l i t i e s  a f t e r  b e in g  d r i e d  f o r  12 h o u r s .
The r a t e s  o f  oxygen  l i b e r a t i o n v e r e  com pared  i n  5 p l a n t s  from  
e a c h  o f  t h e  t h r e e  l o c a l i t i e s  a f t e r  b e in g  d r i e d  f o r  12 h o u rs  u n d e r  
t h e  l a b o r a t o r y  c o n d i t i o n s .  P l a n t s  w ere  p u t  b a c k  i n t o  s e a w a te r  
f o r  48 h o u r s  an d  th e n  th e y  w ere  i n c u b a te d  f o r  2 h o u r s  a t  12°C an d  
2400 lux:. As shown in  T a b le  2 3 , p l a n t s  from  Loch Long show ed v e ry  
low  r a t e s  o f  oxygen  l i b e r a t i o n  a f t e r  12  h o u rs  d r y in g .  P l a n t s  from  
Cumbrae I s l a n d  show ed s l i g h t l y  h i g h e r  r a t e s  o f  oxygen  l i b e r a t i o n  
t h a n  th e  Loch Long p l a n t s .  S u r p r i s i n g l y  p l a n t s  fro m  P o r te n c r o s s  
show ed much h i g h e r  r a t e s  o f  oxygen  l i b e r a t i o n  when d r i e d  f o r  12 h o u rs  
t h a n  p l a n t s  fro m  o t h e r  l o c a l i t i e s .  T h is  h o w e v e r , i n d i c a t e d  c l e a r l y  
t h a t  p l a n t s  fro m  P o r te n c r o s s  w h ich  h av e  f l e s h y ,  to u g h  f ro n d s  w ere  
b e t t e r  a b le  t o  r e c o v e r  a f t e r  b e in g  d r i e d  f o r  12 h o u r s .  The a b i l i t y  
o f  p l a n t s  fro m  P o r te n c r o s s  t o  r e c o v e r  can  b e  e x p la i n e d  b y  t h e  p r e v io u s  
r e s u l t s  w h ich  show ed t h a t  t h e  P o r te n c r o s s  p l a n t s  l o s t  o n ly  45% o f  
t h e i r  w e i ^ t  when d r i e d  f o r  12 h o u r s , com pared  w i th  66% o f  w e i ^ i t  
l o s s  i n  p l a n t s  fro m  Loch Long a n d  52% o f  w e i ^ t  l o s s  i n  p l a n t s  from  
Cumbrae I s l a n d .
T a b le  2 3 : C om parison  o f  oxygen  e v o l u t i o n  r a t e s
( pg O g /g /h )  i n  G i g a r t i n a  fro m  d i f f e r e n t  
l o c a l i t i e s  a f t e r  b e in g  d r i e d  f o r  12 h o u rs
Mean: 
S .D . :
Loch Long Cumbrae I s l a n d P o r te n c r o s s
2 .6 3 .5 7 .0
1 .8 3 .8 6 .8
2 .2 2 .7 5 .7
2 .0 3 .3 7 .1
2 .2 2 .5 7 .7
2 .2 3 .2 6 .9
0 .3 0 .6 0 .7
1 18 .
( c )  Com -parison o f  r a t e s  o f  oxygen  l i b e r a t i o n  o f  p l a n t s  o f  G i g a r t i n a  
a t  d i f f e r e n t  s a l i n i t i e s .
The r a t e s  o f  oxygen  l i b e r a t i o n  i n  p l a n t s  o f  G i g a r t i n a  c o l l e c t e d  
fro m  Cumbrae I s l a n d  w ere  com pared  i n  p l a n t s  i n c u b a te d  f o r  2 h o u rs  
i n  5 d i f f e r e n t  s a l i n i t i e s ;  ( 4%o, 8%o, l6%o , 24%o , an d  32%o) a t  12°C 
an d  2400 l u x .  At e a c h  s a l i n i t y  t h r e e  r e p l i c a t e s  w e re  c a r r i e d  o u t .
R e s u l t s  w h ic h  a r e  su m m arised  i n  T a b le  24 show ed a  g r a d u a l  
i n c r e a s e  i n  r a t e s  o f  oxygen  l i b e r a t i o n  fro m  s a l i n i t y  o f  4%o t o  32%o .
A t t h e  v e ry  low  s a l i n i t i e s  4%o an d  8%o t h e  r a t e  o f  oxygen  l i b r a t i o n  
was v e ry  s lo w , t h i s  may e x p la i n  t h e  f a i l u r e  o f  G i g a r t i n a  f r o n d  t o  
grow c o n t in u o u s ly  subm erg ed  when c u l t u r e d  u n d e r  t h e s e  low  s a l i n i t i e s .
A t a  s a l i n i t y  o f  l6%© , a l th o u g h  t h e  c u l t u r e  e x p e r im e n ts  show ed t h a t  
G i g a r t i n a  grew  h e a l t h i l y  w i th  s l i ^ t l y  s lo w e r  g ro w th  r a t e s  th a n  u n d e r  
n o rm a l s a l i n i t i e s ,  t h e  r a t e s  o f  oxygen  l i b e r a t i o n  a r e  s i g n i f i c a n t l y  
s lo w e r .  T h is  may b e  due t o  t h e  s h o r t  t im e  o f  i n c u b a t io n  w h ich  d id  
n o t  a l lo w  any  a d a p t a t i o n  f o r  t h e  p l a n t s  when k e p t  i n  t h i s  low  
s a l i n i t y .  T h e re  w e re  no s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  r a t e s  o f  
oxygen  l i b r a t i o n  when p l a n t s  in c u b a te d  a t  s a l i n i t i e s  o f  24%o a n d  32%o , 
i n  a g re e m e n t w i th  t h e  r e s u l t s  o b ta in e d  from  c u l t u r e  e x p e r im e n t  w h ich  
show ed s i m i l a r  g ro w th  r a t e s  u n d e r  t h e s e  tw o s a l i n i t i e s .
T a b le  2 4 : C om parison  o f  oxygen  l i b r a t i o n  r a t e s  CyS O ^ /g /h )
i n  G i g a r t i n a  c o l l e c t e d  fro m  Cumbrae I s l a n d  and  
t r e a t e d  w i th  d i f f e r e n t  s a l i n i t i e s : -
4%o S % o l6%o. 24%o 32%o
4 .7 .7 .2 7 .9 1 8 .7 1 3 .8
4 .8 7 .3 9 .7 1 5 .3 l 4 . 4
4 .5 6 .6 8 .9 1 4 .5 l 4 . 1
M ean: 4 .7 7 .0 8 .8 1 6 . 2 l 4 . l
S .D . : 0 .2 0 .4 0 .9 2 .2 0 .3
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Thus t h e  d i f f e r e n t  p l a n t s  o f  G i g a r t i n a  w h ich  v a ry  i n  t h e i r  
c a r r a g e e n a n  c o n te n t s  w ere  fo u n d  a l s o  t o  h av e  d i f f e r e n t  a b i l i t i e s  t o  
p o s tp o n e  t i s s u e  d e h y d r a t io n .  P l a n t s  from  P o r te n c r o s s  w i th  m ore 
c a r r a n g e  en an w ere  b e t t e r  a b le  t o  w i t h s t a n d  t h e  d e h y d r a t io n ,  w h i l s t  
p l a n t s  fro m  Loch Long ( lo w e r  q u a n t i t i e s  o f  c a r r a g e e n a n )  w e re  l e a s t  
a b le  t o  d e la y  t h e  t i s s u e  d e h y d r a t io n .  F u r th e r m o r e , i t  was fo u n d  
t h a t  t h e  P o r te n c r o s s  p l a n t s  (w h ich  d id  n o t  lo o s e  a s  much o f  t h e i r  
w a te r  c o n te n t  a f t e r  t h e  12 h o u r  d r y in g  p e r io d )  h a d  a  b e t t e r  a b i l i t y  
t o  r e c o v e r  m e ta b o l ic  a c t i v i t y  when p u t  b a c k  i n t o  s e a w a te r .
T h e re  a r e  v a r io u s  p o s s i b i l i t i e s  f o r  t h e  v a r i a t i o n s  i n  g e l  
s t r e n g t h  o f  t h e  c a r r a g e e n a n  fro m  t h e  d i f f e r e n t  p l a n t s
1 . The r e d u c e d  s a l i n i t i e s ,  as  a t  Loch L ong , w h ich  a r e
c o n n e c te d  w i th  h i g h e r  g e l  s t r e n g t h ,  may c o n ta in
. . 2+' 24-g r e a t  e r  q u a n t i t i e s  o f  Ca and  Mg , an d  t h e s e  io n s
w e re  fo u n d  t o  i n c r e a s e  t h e  g e l  s t r e n g t h  ( Z a b ik  and  
A l d r i c h ,  1 9 6 8 ) .  The c a r r a g e e n a n  o f  lo w e r  g e l  
s t r e n g t h s  ( a s  fro m  t h e  P o r te n c r o s s  p l a n t s )
(a )  h a v e  b e t t e r  w a te r  r e t a i n i n g  p r o p e r t i e s  th a n  t h e
h a r d e r  g e l .  H ence t h e  p l a n t s  a r e  m ore a b le  t o
p o s tp o n e  t i s s u e  d e h y d r a t io n .
(b )  t h e  c a r r a g e e n a n  o f  s o f t e r  g e l  i s  m ore e l a s t i c  i n
i t s  r e s p o n s e  t o  wave s h o c k , and  so  fo rm  a  b e t t e r  c e l l  
’ c u s h io n ’ .
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DISCUSSION:
T h ree  d i s t i n c t  l o c a l i t i e s  w i th  G ig a r t i n a  w ere  i d e n t i f i e d  in  a  
s e r i e s  o f  p r e l im in a r y  s u rv e y s  o f  th e  F i r t h  o f  C ly d e . T hese  
l o c a l i t i e s  p r i n c i p a l l y  d i f f e r e d  in  t h e  d e g re e  o f  e x p o s u re  t o  and  
s h e l t e r  from  wave a c t i o n ,  s a l i n i t y  o f  s e a w a te r  and  t h e  s u b s t r a t a .
The p o ly m o rp h ic  n a tu r e  o f  b o th  Chond ru s  c r i s p u s  an d  G ig a r t i n a  
s t e l l a t a  a r e  w e l l  known phenom enon w i th  d a ta  from  b o th  t h e  U.K. and  
U .S .A . ( s e e  page  1 - 6 ) .  The v a r i a b l e  m orphology  w o u ld  seem  t o  b e  a 
n o t i c e a b l e  f e a t u r e  o f  t h e s e  and  r e l a t e d  g e n e ra ,  and  w o u ld  seem  a l s o  
t o  b e  w e l l  shown i n  t h e  t h r e e  m o rp h o lo g ic a l  ty p e s  d e s c r ib e d  in  th e  
p r e s e n t  w o rk . Are t h e s e  s t a b l e  m o rp h o lo g ic a l  v a r i a n t s ? ,  T r a n s p la n t  
e x p e r im e n ts  i n  w h ich  p l a n t s  o f  G ig a r t i n a  w ere  t r a n s p l a n t e d  th ro u g h o u t  
t h e  t h r e e  l o c a l i t i e s  i n  r e c i p r o c a l  f a s h io n  h av e  shown t h a t  in  a l l  
c a s e s  t h e  t r a n s p l a n t s  d id  n o t  show any  ch an g es  i n  t h e i r  m o rp h o lo g ic a l  
c h a r a c t e r s  f o r  up t o  3 m o n th s , th e n  g r a d u a l ly  t h e  ch an g es  becam e 
n o t i c e a b l e .  A f t e r  one y e a r  i t  was im p o s s ib le  t o  d i s t i n g u i s h  b e tw een  
t h e  t r a n s p l a n t s  and  t h e  u n d i s tu r b e d  ( n a t i v e )  p l a n t s .  T h is  was 
m a in ly  due t o  f ro n d s  new ly em erged  from  b a s a l  c r u s t  w h ich  came to  
re se m b le  t h e  ’n a t i v e '  p l a n t s .  A t Cumbrae I s l a n d  a l l  t h e  t h r e e  
m o rp h o lo g ic a l  form s ( in c lu d in g  t h e  tw o t r a n s p l a n t s )  c o u ld  b e  e a s i l y  
d i s t i n g u i s h e d  even  a f t e r  6 m o n th s . P l a n t s  t r a n s p l a n t e d  from  Loch Long 
t o  P o r te n c r o s s  w ere  l o s t  i n  h e a v y  s e a s ,  and i t  w o u ld  h a v e  b e e n  much 
in f o r m a t iv e  i f  th e y  c o u ld  h av e  s u r v iv e d  f o r  a  lo n g e r  p e r i o d .  The 
l o s s  o f  t r a n s p l a n t s  from  Loch Long c o u ld  b e  e i t h e r  b e c a u s e  o f  th e  
s m a ll  a r e a  o f  b a s a l  c r u s t s  ( s e e  pag e  3 9 ) ,  o r  "because o f  t h e  ty p e  o f  
s u b s tr a tu m  on w h ich  G ig a r t i n a  g row s. A lth o u g h  t h e  t r a n s p l a n t s  
r e s p o n d e d  v e ry  s lo w ly  t o  t h e  new h a b i t a t  c o n d i t i o n s ,  t h e  m o rp h o lo g ic a l
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v a r ia b il i ty  o f  G igartina seems to  be mainly due to  environmental 
co n d it io n s . The a sso c ia tio n  o f  m orphological v a r ia b i l i t y  o f  marine 
algae w ith h a b ita t cond itions has been suggested  by many p h y c o lo g is ts . 
For example Moss (1948) s ta ted  th a t the v a r ia b i l i ty  in  the m orphological 
characters o f  Fucus v esicu lo su s i s  a sso c ia ted  w ith the degree o f  
exposure and s h e lte r  co n d ition s. Knight and Parke (1 950 ) r e la ted  the  
v a r ia b il i t y  in  the m orphological characters o f  Fucus vesicu lo su s and 
Fucus serratus to  the s a l in i t y  o f  seawater. Bums ( 1 9 7 1 ) a sso c ia ted  
the m orphological v a r ia b i l i ty  o f  G igartina s t e l l a t a  the degree o f  
exposure and sh e lte r  co n d ition s. F in a lly , Taylor and Chen (1973 ) 
re la ted  the m orphological v a r ia b il i t y  o f Chondrus crisp u s to  the 
degree o f exposure and sh e lte r  c o n d itio n s .
Would th ese  3 m orphological forms respond in  the same ways i f  
they were cu ltu red  under the same laboratory c o n d it io n s? . This was 
answered by the f i r s t  cu ltu re experiment in  which th e  3 morphological 
forms o f  G igartina were cultured  under th e  same laboratory c o n d it io n s . 
A ll p lan ts grew h e a lth ily  for  the whole period  o f  th e  experim ent, but 
w ith slow er growth rate  o f  p lan ts  from Loch Long. There were no 
s ig n if ic a n t  d ifferen ces  in  growth rates o f p la n ts  from Cumbrae 
Islan d  and P ortencross. The slow growth rate o f p lan ts from Loch 
Long may suggest th at th ese  p lan ts have not got the same a b i l i t y  to  
adapt them selves to  the f u l l  submergence in normal seaw ater.
As was described b e fo r e , the three l o c a l i t i e s  are d if fe r e n t in  
th e s a l in i t y  o f  seawater as w e ll as the degree o f exposure and sh e lte r  
co n d itio n s , and th is  la t t e r  fa c to r  m i^ t  a f fe c t  the illu m in ation  and 
the time o f  submergence during the t id a l  c y c le . Welsh and Fox ( l 9 7 l )  
have shown th at in  cu ltu re frond colour o f  Chondrus crispus i s  
co n tro lla b le  by l i ^ t  and n u tr ien t.
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Are th ere any d ifferen ces  in  the m orphological behaviour o f  
G igartina when cu ltured  under various laboratory induced environmental 
conditions? R esu lts o f  th ese  experiments suggest very c le a r ly  th at  
G igartina showed d if fe r e n t responses under a l l  d if fe r e n t  cu ltu re  
co n d ition s. P lants were able to  grow at r e la t iv e ly  low s a l in i t y ,  
but not in  ’’brack ish” w ater. At Loch Long, the p lan ts may be covered  
with water o f  very low s a l in i t y  but only for  a short period  during the  
t id a l  c y c le . Although, G igartina seems able to  grow h e a lth ily  at 
a l l  le v e ls  o f illu m in a tio n  there was a gradual in crease  in  growth 
rates from 400 lu x  to  3000 lu x , w ith  the low le v e l s  o f  illu m in a tio n  
a ffe c t in g  th e colour o f  the fron d s. A s im ila r  a f fe c t  was obtained  
in  water o f  low s a l in i t y .  There were no s ig n if ic a n t  d ifferen ces  
in  growth rates o f G igartina under 2400 lu x  and 3000 lu x , th erefore  
i t  was not necessary  to  grow G igartina under h igh er illu m in ation  
than 3000 lu x . Day len gth  regimes a f fe c t  the growth o f  G igartina.
Maximum growth was recorded in  longer days. This agreed w ith  the  
f i e ld  observations which show th at the maximum growth in  nature 
occurred! in  spring months where the daylength i s  in crea sin g .
S im i la r  r e s u l t s  was fo u n d  b y  M a rs h a l l  e t  a l  (194-9); B urns ( l9 T l )  
an d  Pybus (l9 T T )-  O ver 4--5 w e e k s , t h e  g row th  a t  12:12 reg im e  i s  
s i m i l a r  t o  t h e  lo n g e r  day r e g im e s , b u t  th e n  seem s t o  f a l l  o f f .
Under the sh o r te st day regime growth i s  slower over 5 weeks then 
s ta r ts  to  catch up, and th is  might be due to  a m o b iliza tion  o f  
reserv es. There was a p o s it iv e  co rre la tio n  between growth rates and 
the periods o f submergence in  seawater. This may exp la in  why the  
top shore p lan ts are sm aller in  s iz e  than p lan ts growing on lower shore, 
and why P orten cross, which i s  more exposed than other l o c a l i t i e s ,  
g en era lly  has the la rg er  p la n ts .
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ReCOIonization stu d ies  o f the denuded and s t e r l iz e d  areas o f  
the rocky shore would help  to  e lu c id a te  the l i f e  h is to r y  o f  G igartina  
s t e l l a t a , and in d ica te  whether c u lt iv a tio n  on a r t i f i c i a l  sub strata  
placed  in  the sea  would be commercially p r a c tic a b le , and a lso  throw 
some l ig h t  on the m orphological development o f  sp orelin gs o f  
G igartina from the spore "rain” on the rock. In th ese  experiments 
c o m p le te 's te r iliz a t io n  was carried  out as described on page (4-9).
A lso the c lea r in g  o f s tr ip s  at d if fe r e n t tim es o f the year was made 
in  order to  fo llow  any seasonal v a r ia b il ity  in  rec o lo n iza tio n .
A f t e r  2*5 y e a r s ,  a l l  s t r i p s  w ere  c o v e re d  by  Fucus p l a n t s  w i th  
no s ig n  o f  t h e  G i g a r t i n a  p l a n t s  o r  t h e  r e d  c r u s t  d e s c r ib e d  as a  F e t r o c e l i s  
s p p . B urns (1971) fo u n d  s i m i l a r  r e s u l t s  when he  s t a t e d  t h a t  G ig a r t i n a  
s t e l l a t a  i n  New H am psh ire  r e q u i r e d  a t  l e a s t  3 y e a r s  t o  e s t a b l i s h  
th e m s e lv e s  on denuded  and  s t e r i l i z e d  ro c k y  s u r f a c e s .  The r e s u l t s  o f  
t h e  p r e s e n t  w ork d i s a g r e e d  w ith  t h e  r e s u l t s  o b ta in e d  by  M a rs h a l l  e t  
a l  (194-9) and  H ruby (1977) who s t a t e d  t h a t  G i g a r t i n a  s t e l l a t a  n e e d s  
o n ly  6 m onths b e f o r e  th e y  a p p e a r  on denuded  q u a d r a t s .  M a rs h a l l  e t  
a l  ( 1 9 4 9 ) made t h e i r  e x p e r im e n t i n  J u ly  and  s t e r i l i z e d  s m a l l  q u a d ra t s  
u s in g  m e rc u r ic  c h lo r i d e  a f t e r  s c r a p in g  t h e  s u r f a c e  o f  t h e  r o c k s .
H ruby (1977 ) s c r a p e d ,  b r u s h e d  and  b u rn e d  s m a l l  a r e a s  a t  Tomont End 
in  t h e  n o r th e r n  s id e  o f  Cumbrae I s l a n d ,  T h is  r e s u l t  was c h e ck e d  
by  c l e a r i n g  two s u c c e s s iv e  s t r i p s  a t  Tomont End i n  J u ly  1977* On one 
s t r i p  t h e  a r e a  was c l e a r e d  o n ly  by  s c r a p in g  and  b r u s h in g  th e  s u r f a c e  
o f  t h e  r o c k ,  w h i l s t  t h e  o t h e r  s t r i p  was c l e a r e d  as d e s c r ib e d  b e f o r e .
A fter only 4 months a carpet o f  young p lan ts o f G igartina covered 
the f i r s t  s tr ip  w hile the other s tr ip  was s t i l l  b are . This c lea r ly  
confirmed the previous r e s u lt s  and showed th a t by not s t e r i l i z in g  
the s tr ip  G igartina appeared as new growths from the perenn ial b asa l
1 2 4 .
cru sts lodged in  p rotected  areas o f rock and when th ese  b a sa l crusts  
were destroyed by s t e r i l i z in g  the s t r ip ,  G igartina fa i le d  to  reappear.
Since the reco lo n iza tio n  stu d ies  fa i le d  to  produce any r e s u lt s ,  
regeneration  o f p lan ts o f  G igartina was examined by cu tt in g  p lan ts o f  
sm all quadrats at the middle part o f the s ta lk , about 2 cm from the  
b a sa l c r u st , lea v in g  the b a sa l crust w ith part o f  th e  s ta lk  to  
regenerate. R esults o f  th is  experiment showed th a t the quadrats 
became covered by Enteromorpha spp and Cladophora spp but w ithout 
G igartina regeneration . A fter  6 months the cut fronds o f  G igartina  
had d is in teg ra ted  and disappeared w hile the quadrats remained covered  
by green a lg a e . New growths o f  G igartina produced by the b a sa l crust 
appeared underneath th e  green carpet. These r e s u lt s  not only 
in d ica te  th at the s ta lk s  o f  th is  length  o f G igartina were not able 
to  regen erate, but a lso  th a t they were unable to  prevent the development 
o f  a dense cover o f  green a lg a e . Newly formed young branches were 
able to  compete w ith the green carpet that covered the quadrat. The 
question remains why G igartina sp orelin gsd id  not appear underneath 
the Fucus on the c leared  s t r ip .  I t  might be th a t the spores and 
sp orelings were unable to  e s ta b lish  them selves under the brown a lg a l  
cover. In experiments where p lan ts were cut a h igh er p o s it io n  o f  
th e ir  fronds lea v in g  part o f  the f la tte n e d  fronds as w e ll  as the
s ta lk  to  regen erate, then a fte r  T months the average length  o f  th e
new growths from the cut surface was about 2 cm, but w ithout the
dense green carpet. This shows how slow ly G igartina regenerates in
th e f i e ld .  For some reason, some plants formed numerous p r o life r a tio n s  
from the margin o f the fron d s, w h ils t  the cut surface was healed  but 
did not show any sign  o f  regen eration .
;
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C a rp o sp o re  c u l t u r e s  o f  G ig a r t i n a  p a p i l l a t a  from  C a l i f o r n i a  
an d  G i g a r t i n a  s t e l l a t a  from  I r e l a n d  gave r i s e  t o  p l a n t s  r e s e m b lin g  
F e t r o c e l i s  f r a n s i s c a n a  and  P . c r u e n t a r e s p e c t i v e l y  w h ich  a r e  
r e g a r d e d  as t e t r a s p o r o p h y te s  (W est, 19T 2; W est and  P o la n s h e k , 1972 
and  W est, P o la n s h e k  and  G u iry , 1 9 7 7 ) . W ould s i m i l a r  r e s u l t s  b e  
o b ta in e d  w i th  t h e  c a rp o s p o re s  o f  G ig a r t i n a  s t e l l a t a  fro m  th e  F i r t h  
o f  C lyde? and  w hat w o u ld  b e  t h e  e n v iro n m e n ta l  t o l e r a n c e s  o f  th e  
s p o re s  and  s p o r e l in g s  o f  G ig a r t i n a  in  r e l a t i o n  t o  t h e  h a b i t a t  
c o n d i t io n s  s t u d i e d ? •
The f a i l u r e  o f  t h e  s p o r e l in g s  t o  d e v e lo p  e r e c t  b r a n c h e s  u n d e r  
c u l t u r e  c o n d i t io n s  was d i s a p p o i n t i n g ,  e s p e c i a l l y  when Chond ru s  
s p o r e l in g s  s u c c e s s f u l l y  fo rm ed  t h e  e r e c t  b ra n c h e s  o v e r  t h e  same tim e  
and  u n d e r  t h e  same c o n d i t io n s .  A t te n p ts  t o  c u l t u r e  t h e  t e t r a s p o r e s  
o f  F e t r o c e l i s  c r u e n ta  from  th e  F i r t h  o f  C lyde w ere  e q u a l ly  d i s a p p o in t in g .  
As f a r  as r e s u l t s  w ere  o b ta in e d ,  t h e  G ig a r t i n a  l i f e  h i s t o r y  f o r  t h e  
F i r t h  o f  C lyde a p p e a rs  s i m i l a r  t o  t h a t  o b ta in e d  b y  M a rs h a l l  e t  a l  (194-9) 
who o b ta in e d  o n ly  b a s a l  c r u s t s  from  t h e  c a rp o s p o re s  o f  G ig a r t i n a  
s t e l l a t a  and  w ere  u n s u c c e s s f u l  in  a s s o c i a t i n g  a  c r u s t o s e  s ta g e  w ith  
G ig a r t i n a  s t e l l a t a . S i m i l a r ly  R ueness (1978) on t h e  w e s t c o a s t  
o f  Norway c o u ld  n o t  o b t a in  t h e  e r e c t  b ra n c h e s  from  g e rm lin g s  o f  
G i g a r t i n a  s t e l l a t a  u n le s s  h e  grew  th e  c a rp o s p o re s  a t  t e m p e r a tu r e s  
o v e r  1 7 °C and  t h i s  t e m p e ra tu re  w o u ld  n o t  b e  o b t a in e d  in  th e  F i r t h  o f  
C ly d e . M o re o v e r, B u rns  ( l 9 7 l )  s t a t e d  t h a t  t h e  r a t e  o f  i n c r e a s e  in  
g ro w th  o f  s p o r e l in g s  o f  G ig a r t in a  s t e l l a t a  was g r e a t e r  b e tw e e n  3 and  
l l ^ C .  th a n  b e tw e en  11 an d  1 9 °  C.
An u n e x p e c te d  r e s u l t  was t h e  a n t i b i o t i c  a c t i v i t y  o f  Chond ru s  
s p o r e l in g s  com pared  w i th  th o s e  o f  G i g a r t i n a . Does t h i s  b a r e  any 
e c o lo g i c a l  s i g n i f i c a n c e ?  I t  m ig h t b e  t h a t  t h e  d ia to m  g ro w th  h e lp e d
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detach the G igartina sp o re lin g s . I t  is  p o ss ib le  th a t growth o f  
is o la te d  G igartina sp orelin gs was a m istake, s in ce  aggregations o f  
sp orelin gs o f  both Chon drus crispu s and G igartina s t e l l a t a  have been 
shown to  develop more rap id ly  (Tveter and M athieson, 1 97 6 ) .  C erta in ly , 
the fa te  o f  G igartina sp orelin gs needs more c r i t i c a l  study.
G igartina sp orelin gs responded to  the laboratory induced 
environmental cond itions in  s im ila r  ways as the fronds did . I t  would 
have been more u s e fu l ,  however to  study the e f f e c t  o f  environmental 
conditions on sp orelin gs w ith th e ir  erect branches.
Studies on carrageenan contents and g e l stren gth s o f  p lan ts o f  
G igartina s t e l l a t a  from d iffe r e n t populations showed c le a r ly  th at the  
three populations varied  in  both th e ir  carrageenan contents and ge l 
stren gth  w ith maximum carrageenan content and weakest g e l stren gth  
recorded in  p lan ts from the exposed lo c a l i t i e s  and minimum' carrageenan 
contents and stronger g e l recorded in  p lan ts from Loch Long.
Sim ilar r e su lts  were found by F u ller  ( l9 7 l)  in  h is  study on Chon drus 
crispu s from New Hampshire in  th a t the quantity  o f  carrageenan was 
u su a lly  greater in  p lan ts from c o a sta l than from estu arin e  lo c a t io n s .
The e f f e c t  o f  fresh  water on g e l strength  was reported by Marshall 
e t a l  (1949 ) who showed th at prelim inary washing o f  p lan ts  (up to  12 
hours in  running water) increased  the hardness o f  th e  g e l .  These 
v a r ia tio n s in  th e  quantity  and q u a lity  o f carrageenan seem to  be 
in d ir e c t ly  co n tro lled  by environmental fa c to r s . R esu lts o f  the  
tran sp lan t experiments showed th a t a fte r  3 months the carrageenan 
contents o f  the transp lan ted  Giga,rtina began to  resemble th a t o f  the  
carrageenan o f  the ’n a t iv e ’ p la n ts , although changes in  g e l stren gth  
were le s s  obvious. The r o le  o f  environmental con d ition s on 
carrageenan contents and g e l stren gth  was stud ied  in  the laboratory
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by keeping a large  quantity  o f p lan ts  o f G igartina from one 
l o c a l i t y  ( Cumbrae I s la n d ) , under a v a r ie ty  o f  laboratory  induced 
environmental con d ition s; (various s a l i n i t i e s ,  illu m in a tio n s ,  
daylength regimes and periods o f  submergence in  sea w a ter). A ll 
th ese  con d ition s were found to  a f fe c t  the quantity  and q u a lity  o f  
carrageenan, but' the most e f fe c t iv e  fa ctor  was the s a l in i t y  o f  
seawater.
Carrageenan contents and g e l strengths showed season al 
v a r ia tio n . The maximum y ie ld  o f carrageenan was recorded between 
March and May and the minimum carrageenan content between September 
and December. Maximum g e l stren gth  was recorded in  w inter months 
between December and March, w h ils t  the minimum value o f g e l stren gth  
was recorded in  spring and summer, between March and August. From 
previous r e s u lt s  the period  o f maximum spore discharge was recorded  
between September and December w h ils t  the period  o f minimum spore 
discharge was recorded between A pril and Ju ly . T herefore, i t  was 
observed th at the maximum carrageenan con ten t, the weakest ge l and 
the minimum spore discharge were a l l  recorded in the same p eriod , 
and the minimum carrageenan con ten t, the stro n g est g e l and the  
maximum spore discharge recorded in  the same period . I t  was a lso  
found th at the most f e r t i l e  p lan ts  have the sm a llest carrageenan 
content and stro n g est g e l w h ils t  the le a s t  f e r t i l e  p la n ts  have 
maximum carrageenan content and weakest g e l . Is  th is  because in  
the s t e r i l e  p lan ts  th e branches are young growths and the d iffe re n t  
carrageenan i s  a developmental feature? or does the formation o f  
fr u it in g  p a p illa e  cause a drain in  the p la n t’s energy and a change 
in  carrageenan as a resu lt?  or i s  th e spore discharge o f  th e f e r t i l e  
p lan ts accompanied by a considerable lo s s  o f  m ucilage, includ ing
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c a rra g e e n a n ?  A l t e r n a t i v e l y  th e  e x p la n a t io n  may l i e  i n  t h e  
s e a s o n a l  g row th  b e h a v io u r .  The S p r in g  and Summer a r e  p e r io d s  o f  
more a c t i v e  p h o to s y n th e s is  and  th e n  t h e r e  i s  more ph o t  o s y n th  a t  e a v a i l a b l e  
f o r  c a r r a g e e n a n  f o r m a t io n ,  w i th  th e  Autumn and  W in te r  m onths t h e  
p e r i o d  o f  minimum g row th  and  p h o to s y n th a te  a c t i v i t y .  I t  may b e  
a sk e d  w h e th e r  t h e s e  s e a s o n a l  ch an g es in  c a r ra g e e n a n  c o n te n t s  and  
g e l  s t r e n g t h  a re  no m ore t h a n  i n d i c a t i o n s  o f  s e a s o n a l  rhy thm s o f  
g row ing  a c t i v i t y ?
I n  f u r t h e r  e x p e r im e n ta l  s t u d i e s  f ro n d s  o f  p l a n t s  o f  G ig a r t i n a  
from  P o r te n c r o s s  w h ich  w ere  fo u n d  t o  c o n ta in  more c a r r a g e e n a n  w ere  
more a b le  t o  p o s tp o n e  t h e  o n s e t  o f  t i s s u e  d e h y d ra t io n  th a n  p l a n t s  
from  Loch Long w h ich  c o n ta in  l e s s  c a r r a g e e n a n .  P l a n t s  from  P o r te n c r o s s  
w ere  m ore a b le  t o  c o n t r o l  th e  l o s s  o f  c h lo r id e  io n s  from  th e  ' f r e e  
s p a c e ' when k e p t  i n  f r e s h  w a te r  com pared w ith  p l a n t s  from  Loch Long. 
A lth o u g h , p l a n t s  from  th e  d i f f e r e n t  p o p u la t io n s  show ed s i m i l a r  
r a t e s  o f  oxygen l i b e r a t i o n  w h ich  r e p r e s e n t s  t h e  r a t e s  o f  p h o to ­
s y n t h e s i s ,  t h e  p l a n t s  from  d i f f e r e n t  p o p u la t io n s  seem  t o  d i f f e r  i n  
how th e y  a l l o c a t e  t h e i r  p h o to s y n th a te s , P l a n t s  from  P o r te n c r o s s
p ro d u c e  more t i s s u e  and  to u g h  f ro n d s  w h i le  p l a n t s  from  Loch Long 
p ro d u c e  b u sh y  form s w i th  t h i n  f r o n d s .  The P o r te n c r o s s  p l a n t s  w ere  
b e t t e r  a b le  t o  r e c o v e r  and  p h o to s y n th is e  when d r i e d  f o r  12 h o u rs  
th a n  p l a n t s  from  Loch Long. T h is  was o b v io u s  b e c a u s e  when p l a n t s  
from  P o r te n c r o s s  w ere  d r i e d  f o r  12 h o u rs  th e y  l o s t  55^ o f  t h e i r  
i n i t i a l  f r e s h  w e ig h t i n  c o n t r a s t  w i th  6 5 ^ o f  t h e  i n i t i a l  f r e s h  w e ig h t 
l o s t  i n  p l a n t s  from  Loch Long.
Thus i t  can  b e  c o n c lu d e d  t h a t  p l a n t s  o f  G ig a r t i n a  s t e l l a t a  
from  t h e  t h r e e  l o c a l i t i e s  i n  t h e  F i r t h  o f  C lyde v a ry  in  th e  m o rp h o lo g ic a l  
c h a r a c t e r ,  and  t h e i r  c a r ra g e e n a n  c o n te n ts  an d  g e l  s t r e n g t h s .  T hese 
v a r i a t i o n s  w o u ld  seem  t o  b e  due t o  e n v iro n m e n ta l  c o n d i t io n s  , b u t  do a p p e a r  
t o  b e  o f  some f u n c t i o n a l  s i g n i f i c a n c e .
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D e s p i te  t h e  f a c t  t h a t  G ig a r t i n a  s t e l l a t a  was e x te n s iv e ly  
s tu d i e d  by  M a rs h a l l  e t  a l  (1 9 ^9 ) i n  t h e  F i r t h  o f  C ly d e , th e  p r e s e n t  
e x p e r im e n ta l  and  e c o lo g i c a l  s tu d y  h a s  shown t h a t  t h e r e  a r e  many 
f e a t u r e s  o f  t h e  b io lo g y  o f  t h i s  common r e d  a lg a  s t i l l  t o  b e  e x p lo r e d .  
Some c o n t r i b u t i o n s  r e g a r d in g  m o rp h o lo g ic a l  fo rm s , e n v iro n m e n ta l  
c o n d i t io n s  and  t o l e r a n c e s  o f  p l a n t s  and  young s t a g e s  h a v e  em erged 
in  t h e  p r e s e n t  s tu d y .  The r e c o g n i t i o n  o f  t h e  l i k e l y  p a r t  t h a t  
c a r ra g e e n a n  p la y s  in  th e  e n v iro n m e n ta l  and  s e a s o n a l  l i f e  o f  t h e  
p l a n t  i s  p a r t i c u l a r l y  i n t e r e s t i n g .
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1 -  P la n ts  from  Cumbrae I s la n d :
a ” Quadrat N o .l .
L e n g th  o f  
f r o n d  
i n  
mm
W id th  o f  
f r o n d  
i n  
mm
T h i c k n e s s  
o f  f r o n d  
i n  
mm
L e n g th  
o f  s t a l k  
i n  
mm
D ia m e te r  
o f  s t a l k  
i n  
mm
A r e a  o f
b a s a l
c r u s t
i n
mm^
Wo. o f  
e r e c t  
f r o n d s  
p e r  b a s a l  
c r u s t
Wo. o f  
p a p i l l a e  
p e r  
s q .  cm
120 25 0 .4 0 35 1 . 5 64 50 23
110 20 0 .4 5 30 1 . 2 100 4 l 27
140 20 0 . 4 0 32 1 . 5 40 37 31
130 I T 0 .4 0 28 0 . 9 40 29 25 *
90 18 0 .4 2 2 8 0 . 9 80 44 18
100 20 0 .4 2 25 1 . 0 6 0 33 24
110 1 8 0 .3 5 30 1 . 2 84 39 20
110 15 0 .3 0 30 1 . 0 32 28 20
105 15 o.4o 19 1 . 5 42 22 27
120 IT o,4o 1 8 0 .8 5 6 0 25 31
110 20 o.4o 20 0 .9 5 48 29 34
105 22 ■ 0 , 4 2 23 0 .9 5 8 1 30 4 l
120 20 0 .4 0 20 1 . 0 12 37 25
110 21 0 . 3 2 2 6 1 .0 5 49 55 27
110 IT 0 . 4 3 24 0 . 9 5 12 38 19
95 1 6 0 .4 5 25 1 . 0 84 36 33
100 15 o.4o 29 1 .0 13 51 36
105 15 0 ,4 0 30 1 .2 5 10 4o 22
110 15 0 .3 0 28 1 . 3 40 22 24
100 IT 0 .3 5 30 1 . 3 49 43 27
100 20 0 .2 5 25 1 . 2 72 29 . 20
95 21 o.4o 2 6 1 . 2 14 40 2 6
110 1 8 0 .4 2 20 1 . 3 10 36 38
125 1 8 0 .4 5 29 1 . 2 112 35 43
105 19 0 .4 0 32 1 .2 5 18 27 40
i: 1 0 9 .4 1 8 .4 0 .3 9 2 6 .5 l . l 4 49 3 6 .2 2 8
11 . 5 2 . 6 0 .0 5 4 .5 0 . 2 30 8 .4 7 .3
APPENDIX ( lb )
1 -  P la n ts  from Cumbrae I s la n d :
b -  Quadrat No . 2.
L e n g th  o f  
f r o n d  
i n  
mm
W idth  o f  
f r o n d  
i n  
mm
T h ic k n e s s  
o f  f r o n d  
i n  
mm
L e n g th  
o f  s t a l k  
i n  
mm
D ia m e te r  
o f  s t a l k  
i n  
mm
A re a  o f
b a s a l
c r u s t
i n
mm^
N o. o f  
e r e c t  
f r o n d s  
p e r  b a s a l  
c r u s t
N o . o f  
p a p i l l a e  
p e r  
s q .  cm
95 15 o .4 o 26 1 .0 80 30 26
80 16 o .4 o 20 1 .0 30 33 24
110 15 o .4 o 28 1 .5 28 29 19
130 15 0 .4 5 25 1 .5 30 37 20
100 15 0 .3 2 23 2 .0 64 50 30
105 15 0 .4 5 25 1 .0 72 4o 27
110 15 0 .4 3 27 1 .0 30 4 l 35
95 18 o .4 o 30 0 .8 64 30 26
75 20 0 .4 o 30 0 .8 5 9 24 34
130 20 0 .3 0 30 0 .8 130 27 4 l
115 l 6 0 .3 0 26 1 .5 54 33 45
105 15 0 .4 5 28 1 .0 130 32 19
115 17 0 .4 2 30 0 .8 5 45 17 25
110 15 0 .4 5 30 0 .8 64 33 23
105 12 0 .4 5 26 0 .8 5 36 30 32
130 12 0 .4 5 25 0 .7 5 32 36 34
110 12 0 .3 5 25 0 .8 5 56 39 17
90 17 0 .3 8 25 0 .9 5 81 4o 22
90 15 0 .4 0 27 0 .9 5 80 27 28
95 15 0 .4 0 24 1 .5 l 6 14 30
85 15 0 .4 2 21 1 .2 5 24 20 30
100 l4 0 .3 5 22 1 .3 21 27 36
95 17 0 .3 0 28 1 .2 48 33 35
130 18 0 .4 0 30 0 .9 18 37 27
110 14 o .4 o 30 1 .0 81 38 20
LTi: 1 0 4 .6 1 5 .6 0 .3 9 2 6 .2 1 .0 8 52 .1 31 .8 2 8 .2
). 1 5 .3 2 0 .0 5
..............
3 0 .3 1 32 .7 8 7 .2
APPENDIX ( l e )
1 -  P la n ts  from Cumbrae I s la n d :
c -  Quadrat No. 3.
•
L e n g th  o f  
f r o n d  
i n  
mm
W idth  o f  
f r o n d  
i n  
mm
T h ic k n e s s  
o f  f r o n d  
i n  
mm
L e n g th  
o f  s t a l k  
i n  
mm
D ia m e te r  
o f  s t a l k  
i n  
mm
A re a  o f  
b a s a l  
c r u s t  
ram^
No. o f  
e r e c t  
f r o n d s  
p e r  b a s a l  
c r u s t
No. o f  
p a p i l l a e  
p e r  
s q .  cm
120 18 0 .5 0 30 1 .3 96 50 38
l40 20 0 .4 0 30 1 .2 50 57 21
130 21 0 .4 5 28 1 .5 64 44 27
120 15 0 .4 8 25 1 .0 100 47 30
120 20 o .4 o 20 1 .0 84 38 30
105 20 0 .6 0 25 1 .2 5 96 52 36
i4 o 13 0 .4 0 30 1 .2 150 55 25
130 15 o .4 o 35 1 .3 96 50 20
110 18 0 .5 0 35 1 .1 120 77 19
90 10 0 .5 5 33 1 .0 80 52 18
100 12 0 .4 5 30 1 .5 80 65 24
110 13 0 .4 5 27 1 .2 5 100 55 27
100 IT 0 ,4 5 26 1 .4 80 60 33
140 19 0 .4 5 25 1 .1 48 50 19
130 10 0 .4 0 20 1 .0 64 58 30
130 13 0 .4 0 35 1 .3 100 29 28
120 15 0 .4 2 18 1 .4 80 18 24
110 11 0 .3 5 20 1 .5 120 36 23
80 15 0 .4 0 18 1 .2 5 4 44 25
125 18 0 .4 5 28 1 .2 5 80 4o 20
100 15 0 .4 5 30 1 .2 5 240 58 27
120 IT 0 .4 0 35 1 .5 144 50 23
90 20 0 .3 5 30 1 .3 100 50 20
i4 o 23 0 .4 5 30 1 .5 70 38 28
120 21 0 .5 0 26 1 .4 5 25 19 31
3Ja: 1 1 6 . 6 1 6 .4 0 .4 4 2 7 .6 1 .2 7 9 0 .8 4 7 .6 2 5 .8
D 1 6 .9 3 .7 0 .0 6 5 .3 0 .1 7 45 1 3 .4 5 .4
APPENDIX (2a)
2 -  P la n ts  from P o r te n c r o s s :
a -  Quadrat N o . l .
•
L eng th  o f  
f r o n d  
i n  
mm
width o f  
f r o n d  
i n  
mm
T h ic k n e s s
f r o n d
i n
mm
L e n g th  
o f  s t a l k  
i n  
mm
D ia m e te r  
o f  s t a l k  
i n  
mm
A r e a  o f  
b a s a l  
c r u s t  
i n  
mm^
N o. o f  
e r e c t  
f roncg  p e l  
b a s a l  
c r u s t
No. o f  
p a p i l l a e  
' p e r  sq .c m .
100 20 o .4 o 25 2 35 16 30
95 20 0 .4 2 20 1 .5 21 l 4 21
110 22 0 .4 5 30 1 .4 64 22 17
100 19 o .4 o 25 1 .5 120 11 12
130 25 0 .4 5 20 1 .2 5 80 30 22
100 20 0 . 6o 28 1 .1 5 49 17 20
110 25 0 .4 2 30 1 .1 5 45 19 27
95 20 0 .4 5 30 1 .2 150 9 30
100 20 0 .5 0 18 1 .2 54 16 29
115 19 0 .5 0 19 1 .2 5 168 15 20
135 23 0 .4 5 28 1 .2 100 12 21
110 25 0 .4 5 20 1 .2 5 120 12 23
120 25 0 .4 5 25 1 .2 21 9 30
115 25 0 .4 3 23 1 .2 5 64 13 20
130 20 0 .4 0 26 1 .5 4o 17 19
145 22 0 .4 2 25 1 .5 i 4 22 17
105 20 0 .4 5 28 1 .2 150 20 31
110 21 o .4 o 30 1 ,2 l4 21 36
90 25 0 .5 5 30 1 .1 5 24 26 27
105 18 0 .4 5 32 1 .2 4o 18 20
110 20 0 .5 0 31 1 .2 5 80 14 21
85 20 0 .5 5 30 1 .2 100 12 25
110 23 0 .5 0 30 1 .3 16 13 20
100 24 0 .4 o 25 1 .2 32 l4 21
110 22 0 .4 5 26 1 .2 5 36 19 26
an : 1 0 9 .5 21 .7 0 .4 6 2 6 .2 1 .2 3 6 5 .5 1 6 .4 2 3 .4
D. 1 4 .2 2 .3 0 .0 6 4 .2 0 .2 4 4 6 .6
.......
5 .1 5 .5
APPENDIX (2b)
P l a n t s  f rom  P o r t e n c r o s s :  
b -  Q u a d ra t  N o .2 .
L e n g th  o f  
f r o n d  
i n  
mm
W idth  o f  
f r o n d  
i n  
mm
T h ic k n e s s
f r o n d
i n
mm
L e n g th  
o f  s t a l k  
i n  
mm
D ia m e te r  
o f  s t a l k  
i n  
mm
A fe a  o f
b a s a l




e r e c t
f r o n d s p e r
b a s a l
c r u s t
No. o f  
p a p i l l a e  
p e r  
s q .  cm
105 25 0 .4 5 2 8 1 .5 80 9 4o
100 22 0 .4 2 25 1 .2 5 50 11 22
120 20 0 .4 0 30 1 .2 5 40 l 4 30
110 2 6 0 .4 5 30 1 . 4 54 20 36
95 2 k 0 .4 2 30 1 .5 100 21 29
125 25 0 .5 0 27 1 .8 15 12 21
105 25 0 .4 3 2 6 1 . 5 1 6 l 4 1 8
130 2 k 0 .5 0 25 1 .2 l 6 17 20
110 25 0 .4 5 20 1 .2 5 35 10 21
90 22 o .4 o 28 1 .2 1 8 11 l 4
115 2 k 0 .4 5 30 1 .5 64 11 30
105 20 0 .4 3 31 1 .2 6 0 19 38
120 27 0 .4 2 2 6 1 . 2 25 24 26
95 25 0 .5 5 30 1 . 5 10 23 25
100 2 6 0 .6 0 30 1 . 4 20 20 20
130 27 0 .4 2 25 1 .5 1 6 7 31
120 27 0 .4 5 25 1 .2 5 50 12 30
105 2 6 0 .4 3 24 1 . 5 100 l 6 18
110 25 0 .4 2 22 1 .5 4o 1 8 24
120 27 0 .5 3 2 8 1 .3 30 11 22
110 25 0 .5 5 25 1 .5 56 10 30
105 20 0 .5 2 25 1 .5 25 31 30
110 2 k 0 .4 3 24 1 .2 5 9 29 25
100 2 6 0 .4 5 20 1 . 7 40 29 20
120 23 o .4 o 25 1 .5 5 24 20 23
3Ji :  1 1 0 .2 2 4 .4 0 .4 5 2 6 .4 1 .4 3 9 .7 , 1 6 . 8 2 5 .3
1 0 .9 2 .2 0 .0 5 3 .1 0 .1 7  • 2 6 6 .7 6
APPENDIX (2c)
2 -  P la n ts  from P o r te n c r o s s :
c -  Quadrat No. 3.
•
L e n g th  o f  
f r o n d  
i n  
mm
W idth  o f  
f r o n d  
i n  
mm
T h ic k n e s s  
o f  f r o n d  
i n  
mm
L e n g th  
o f  s t a l k  
i n  
mm
D ia m e te r  
o f  s t a l k  
i n  
mm
A re a  o f
b a s a l
c r u s t
i n
mm^
No. o f  
e r e c t  
f r o n d s  p e r  
b a s a l  
c r u s t
No. o f  
p a p i l l a e  
p e r  s q .c m
130 20 0 . i i5 30 1 .5 240 2 6 44
110 1 8 0 .3 5 25 1 . 4 120 2 8 29
90 23 0 .4 5 30 1 .2 5 120 l 4 33
100 25 0 .5 0 24 1 .1 8 150 10 30
95 25 0 .5 0 25 1 .7 5 240 21 36
ll+5 2 k 0 .4 5 2 8 1 .1 5 48 25 30
100 25 0 .4 7 30 1 . 6 50 29 30
90 22 0 .4 8 30 1 .2 5 54 20 29
115 22 0 .3 5 32 1 .2 5 25 35 25
100 20 0 .4 5 25 1 .8 96 19 2 8
130 20 0 .4 8 25 1 . 6 8 1 28 29
130 19 0 .5 0 30 2 .0 50 23 30
115 20 0 . 6 0 25 1 .2 5 48 21 36
120 20 0 .4 8 30 1 . 1 8 100 15 38
95 22 0 .3 5 2 8 1 . 6 0 64 27 4o
100 25 0 . 7 0 2 8 1 . 5 45 24 42
100 20 0 .4 o 30 1 .5 5 32 32 29
105 23 0 .3 0 25 1 .5 56 17 30
120 25 0 .5 5 30 1 .2 5 6 0 27 35
lUO 20 0 .7 0 28 1 .2 20 2 8 30
130 25 0 .4 5 25 1 . 5 36 , 20 4o
95 23 0 .5 5 25 1 .2 5 40 27 2 8
110 22 0 .7 0 2 8 1 .2 5 18 29 22
125 20 0 .4 0 32 1 .2 240 31 25
100 20 0 .4 5 30 1 .3 135 15 32
a n : 1 1 1 . 6 2 1 .9 0 .4 8 .2 7 .9 1 .4 7 8 .9 2 3 .6 32
D. 16 2 .3 0 .0 6 2 .6 0 .2 3 6o 6 ,3 5 .7
APPENDIX (3a)
P la n ts  from Loch Long:
a -  Quadrat N o . l .
L e n g th  
o f  f r o n d  
i n  
mm
W idth  
o f  f r o n d  
i n  
mm
T h ic k n e s s  
o f  f r o n d  
i n  
mm
L e n g th  
o f  s t a l k  
i n  
mm
D ia m e te r  
o f  s t a l k  
i n  
mm
A re a  o f  
b a s a l  
c r u s t  
i n  
mm^
No. o f  
e r e c t  
f r o n d  p e r  
b a s a l  
c r u s t
No. o f  
p a p i l l a e  
p e r  s q .c m
50 1 6 0 . 4 9 0 . 6 5 6 2 7 2 5
50 1 7 0 .4 1 0 0 . 5 5 0 2 9 33
75 1 6 0 . 3 1 5 0 . 5 2 0 33 2 0
8 0 1 7 0 . 3 1 2 0 . 5 5 30 l 4 30
70 1 5 0 . 2 1 0 0 . 7 24 30 1 8
70 1 5 0 . 3 8 0 . 8 5 0 3 6 32
65 18 0 . 3 9 0 . 8 5 ■ 1 5 30 2 5
55 1 5 0 . 3 7 0 . 3 5 1 5 42 20
55 1 6 0 . 4 10 0 . 7 5 40 21 23
6 0 1 7 0 . 2 12 0 . 7 5 12 1 8 2 7
70 1 7 0 . 3 10 0 . 7 5 64 23 21
75 1 8 0 . 4 8 0 . 7 3 0 I  20 2 5
80 1 5 0 . 3 8 0 . 3 24 2 6 22
6o l 4 0 . 3 9 0 .3 5 20 1 8 20
50 14 0 . 4 7 0 . 3 2 5 1 9 2 7
55 1 5 0 . 3 4 0 . 3 1 6 24 24
6 0 l 4 0 . 3 11 0 .4 1 6 2 9 22
55 1 5 0 . 3 3 0 . 4 5 6 31 2 6
70 14 0 . 2 5 9 0 . 3 5 64 4o 1 9
6 5 1 7 0 . 3 10 0 . 5 5 5 0 22 1 8
6 0 1 5 0 . 4 8 0 , 5 5 5 0 20 35
5 0 1 6 0 . 3 7 0 . 5 5 48 30 35
55 1 5 0 . 3 10 0 . 4 5 120 3 6 24
5 0 1 7 0 . 4 12 0 . 5 1 5 l 4 20
7 0 1 7 0 .3 5 6 0 . 5 5 32 1 5 2 7
n :  6 2 . 2 1 5 . 8 0 . 3 2 9 0 . 5 4 3 5 . 7 2 5 . 9 2 4 .7
9 . 8 1 . 3 0 . 0 6 2 .6 0 . 1 7 24 7 . 9 5
APPENDIX (3b)
3 -  P la n ts  from Loch Long:
b “ Quadrat No.2
•
L e n g th  
o f  f r o n d  
i n  
mm
W idth  
o f  f r o n d  
i n  
mm
T h ic k n e s s  
o f  f r o n d  
i n  
mm
L e n g th  
o f  s t a l k  
i n  
mm
D ia m e te r  
o f  s t a l k  
i n  
mm
A re a  o f  
b a s a l  




e r e c t
f r o n d s p e i
b a s a l
c r u s t
No. o f  
p a p i l l a e  
p e r  sq .c m
55 15 0 . 3 5 0 . 6 20 29 1 7
TO 15 0 .3 5 8 0 .3 25 21 14
50 17 0 . 4 12 0 ,4 5 9 27 24
65 l 4 0 . 3 10 0 .2 5 5 23 2 7
75 15 0 .2 5 13 0 .3 5 36 36 30
50 15 0 . 3 11 0 . 8 3 31 2 5
70 15 0 . 3 10 0 .8 5 4 34 30
6o 1 8 0 . 3 8 0 .3 5 6 19 22
55 18 0 . 4 8 0 .7 5 25 27 20
50 17 0 . 4 6 0 .6 5 36 2 8 2 3
70 l 6 0 . 4 5 0 . 5 10 36 1 9
75 15 0 . 4 5 0 .5 5 l 4 4o 18
75 1 6 0 . 3 7 0 .4 5 30 40 24
80 1 6 0 .3 5 9 . 0 .4 5 40 30 2 6
6 0 1 6 0 .3 15 0 .4 0 35 35 30
65 17 0 . 3 1 0 0 .4 0 l 6 42 33
75 15 0 . 3 1 2 0 .3 5 36 l 4 30
55 15 0 . 2 5 6 0 .3 5 25 15 32
6 0 1 8 0 . 4 5 0 .4 5 9 1 8 33
6o 15 0 .3 5 0 .4 5 6 24 2 1
55 17 0 .3 5 5 0 .3 5 1 0 31 23
50 l 6 0 . 3 4 0 .6 30 32 2 5
70 17 0 . 4 3 0 .4 15 29 2 0
75 1 8 0 .2 5 6 0 .5 5 l 6 32 2 3
70 17 0 .3 5 5 0 .4 5 8 25 2 5
ar1 : 6 3 .8 1 6 . 1 0 .3 5 7 .7 0 .4 8 1 8 . 8 2 8 . 7 2 4 .6
D, 9 .6 1 .2 0 .0 5 3 .2 0 .1 5 12 7 . 6 5 . 2
APPENDIX (3c)
3 -  P la n ts  from Loch Long:
c -  Quadrat N o . 3.
•
L eng th  o f  
f r o n d  
i n  
mm
W idth  o f  
f r o n d  
i n  
mm
T h ic k n e s s  
o f  f r o n d  
i n  
mm
L e n g th  
o f  s t a l k  
i n  
mm
D ia m e te r  
o f  s t a l k  
i n  
mm
A re a  o f  
h a s a l  
c r u s t  
i n  
mm^
No. o f  
e r e c t  
f ro n d s p e r  
b a s a l  
c r u s t
N o . o f  
p a p i l l a e  
p e r  s q .c m
TO 1 6 0 . 3 10 0 . 5 5 1 5 2 9 11
65 15 0 , 4 8 0 . 7 8 21 14
75 15 0 . 2 5 12 0 . 7 5 2 5 1 9 1 6
6 0 l 4 0 . 4 1 5 0 .3 5 9 1 8 10
70 l 4 0 . 3 8 0 . 4 5 12 30 8
6 0 17 0 . 3 9 0 . 6 0 20 3 4 1 6
70 l 6 0 . 2 5 10 0 .3 5 18 1 9 22
80 15 0 . 2 5 10 0 . 4 5 12 22 2 5
70 15 0 . 3 12 0 . 4 5 42 2 5 11
55 15 0 . 3 10 0 . 3 5 35 21 1 3
50 15 0 . 3 8 0 . 6 5 2 7 18 12
55 14 0 .3 5 8 0 . 8 18 2 5 1 6
6 0 14 0 . 3 6 0 . 7 21 30 9
70 1 8 0 . 4 5 0 . 4 5 20 22 8
65 17 0 . 4 10 0 . 4 5 6 20 14
55 1 6 0 . 2 5 10 0 , 4 5 1 6 2 3 1 9
6 0 15 0 . 3 10 0 . 4 5 1 6 21 10
70 l 4 0 . 2 1 0 0 .4 0 6 2 6 20
55 14 0 .2 1 3 0 . 6 0 1 8 2 5 1 6
65 l 4 0 . 4 8 0 .7 5 10 1 7 1 5
75 17 0 . 3 5 0 .3 5 18 1 5 1 5
70 15 0 . 3 11 0 . 8 1 5 1 8 9
75 15 0 . 4 10 0 . 7 1 6 1 6 1 6
65 15 0 . 3 5 0 . 4 2 5 l 4 14
50 1 8 0 . 3 10 0 . 4 5 20 21 13
n : 6 4 .6 1 5 . 3 0 . 3 0 8 9 . 3 0 . 4 5 1 7 . 9 22 1 3 . 9
). 8 .3 1 .3 0 . 0 6 2 . 5 0 . 1 5 8 .4 5 4 . 5
APPENDIX k :
A n t i b i o t i c  e f f e c t s  o f  c r n s t o s e  g e n n l i n e s  o f  t h e  
r e d  a l g a  Chond ru s  c r i s pus  on b e n t h i c  d i a t o m s .
A t t e n t i o n  h a s  r e c e n t l y  b e e n  drawn t o  t h e  l a c k  o f  e x p e r i m e n t a l
d a t a  on i n t e r s p e c i f i c  c o m p e t i t i o n  b e tw e e n  m a r in e  o r g a n i s m s ^ .
H e t e r o a n t a g o n i s t i c  i n t e r a c t i o n s  b e tw e e n  m i c r o b i a l  p l a n k t o n i c  a l g a e
2 -8i n  c u l t u r e  h a v e  b e e n  d e s c r i b e d  f o r  num erous s p e c i e s  . The c o n c e p t
o f  a  ’ c h e m ic a l  c l a w s ’ m echan ism  o f  i n t e r s p e c i f i c  c o m p e t i t i o n  b e tw e e n
m a c r o s c o p ic  m a r in e  a l g a e  h a s  b e e n  p o s t u l a t e d  f o r  some y e a r s ^ , and  t h e
a c t i v e  l i b e r a t i o n  o f  p o l y p h e n o l s  ( ’t a n n i n s ' )  f rom  c e r t a i n  brow n a l g a e
h a s  b e e n  shown t o  i n d u c e  s e v e r e  a n t i b i o t i c  e f f e c t s  on b a c t e r i a  and
a lg a e ^ ^  . A n t i  b a c t e r i a l  a c t i v i t y ,  w i t h  some s e a s o n a l  v a r i a t i o n ,
h a s  b e e n  r e p o r t e d  f o r  34 s p e c i e s  o f  r e d  a lg a e  ( i n c l u d i n g  Chond ru s
c r i s p u s ) ,  5 s p e c i e s  o f  g r e e n  a l g a e  and  15 s p e c i e s  o f  b row n  a l g a e ^ ^ .
I TA w i n t e r  p e a k  o f  a n t i m i c r o b i a l  a c t i v i t y  was o b s e r v e d  . V a r i a t i o n s
i n  a n t i m i c r o b i a l  a c t i v i t y  w e re  a l s o  o b t a i n e d  w i t h  d i f f e r e n t  r e g i o n s
o f  t h a l l i ,  w i t h  maximum a c t i v i t y  i n  t h e  m e r i s t e m a t i c  a p i c e s  o f  
l 8Chond ru s  . The g ro w th  o f  t h e  c r u s t o s e  r e d  a l g a  P o r p h y r o d i s eus
s im u la n s  B a t t .  and  Rhodophysema e l e g a n s  (C rouan  f r a t  e x  J . A g . ) D ixon
h a s  b e e n  fo u n d  t o  b e  i n h i b i t e d  b y  s e c r e t i o n s  o f  t h e  b row n  a l g a
R a l f s i a  s p o n g i o c a r p a  B a t t . i n  c u l t u r e ^ ^ , a  genus  known t o  p r o d u c e
20t a n n i n s  i n  a p p r e c i a b l e  q u a n t i t i e s  i n  t i d e  p o o l s  . T h e re  seem t o  
b e  no  r e p o r t s  t o  d a t e  on a n t i b i o t i c  p r o d u c t i o n  b y  c r u s t o s e  r e d  a l g a e ,  
o r  by  a  c r u s t o s e  j u v e n i l e  s t a g e .  We d e s c r i b e  h e r e  some o b s e r v a t i o n s  
made w i t h  g e r m l in g s  o f  t h e  r e d  a l g a  Chond ru s  c r i s p u s  i n  c u l t u r e .
C a rp o s p o re  s e t t l e m e n t s  on c l e a n e d  g l a s s  s l i d e s  w ere  o b t a i n e d  
u s i n g  f e r t i l e  p l a n t s  c o l l e c t e d  f ro m  i n t e r t i d a l  h a b i t a t s  on t h e  I s l a n d
2 .
o f  G re a t  Cumbrae i n  t h e  F i r t h  o f  C ly d e .  S l i d e s  w e re  p l a c e d  i n  an
e n r i c h e d  s e a  w a t e r  medium u n d e r  12 h i l l u m i n a t i o n  p e r  day  a t  2400 l u x
an d  12°C. A f t e r  2g m onths t h e  c r u s t o s e  g e r m l in g s  a t t a i n e d  a  mean
d i a m e t e r  o f  0 . 5  mm, an d  a f t e r  3 i  m onths  t h e  c r u s t s  w e re  0.8mm i n  mean
d i a m e t e r  a n d  p r o d u c e d  t h e  f i r s t  e r e c t  b r a n c h e s .  I t  was o b s e r v e d  t h a t
c o n t a m i n a t i n g  b e n t h i c  d ia to m s  i n  c u l t u r e s  n o t  t r e a t e d  w i t h  GeO^ showed
p r o f u s e  g ro w th  on t h e  s l i d e s  e x c e p t  i n  t h e  v i c i n i t y  o f  t h e  Chond ru s
g e r m l i n g s ,  a ro u n d  w h ic h  c l e a r  zones  c o u ld  b e  o b s e r v e d  a f t e r  6 w e e k s .
W ith  o l d e r  c r u s t s  ( F i g . l a )  t h e s e  c l e a r  z o n e s  w e re  p r o m in e n t  f e a t u r e s
on t h e  c u l t u r e  s l i d e s ,  som etim es  fo rm in g  an i n t e r l i n k e d  s e r i e s  o f
c l e a r e d  a r e a s  when a  num ber o f  j u v e n i l e  p l a n t s  w e re  g ro w in g  i n  c l o s e
p r o x i m i t y  ( F i g . l b ) .  The i n h i b i t i o n  zone a p p e a r s  t o  b e  a  c o m p le te
b a r r i e r  a g a i n s t  i n v a s i o n  b y  t h e  d i a to m s .  The p e r i p h e r a l  zones  o f
c e l l s  i n  t h e  c r u s t s  a r e  t h e  m e r i s t e m a t i c  r e g i o n s , an d  t h i s  a n t i b i o t i c
a c t i v i t y  w o u ld  seem  t o  b e  a  n o t i c e a b l e  f e a t u r e  o f  t h e  g ro w th  c e n t r e s
l 8o f  Chond ru s  . C r u s to s e  g e r m l in g s  o f  t h e  r e l a t e d  r e d  a l g a  G i g a r t i n a  
s t e l l a t a  o f  s i m i l a r  age  and  s i z e  d i d  n o t  show t h i s  c l e a r  r a d i a l  zone 
i n  t h e  p r e s e n c e  o f  an  a ccom pany ing  p o p u l a t i o n  o f  b e n t h i c  d ia to m s  when 
grown u n d e r  i d e n t i c a l  c o n d i t i o n s .
A t t e n t i o n  h a s  b e e n  drawn t o  t h e  p o s s i b l e  in v o lv e m e n t  o f  a n t i ­
b i o t i c s  i n  t h e  c o m p e t i t i v e  g ro w th s  o f  c r u s t o s e  a l g a e  an d  t o  t h e  
e c o l o g i c a l  i m p l i c a t i o n s ^ ^ .  W h i l s t  i t  i s  a c c e p t e d  t h a t  a  c h a r g e d  and  
sm ooth  g l a s s  s u r f a c e  i s  an  u n n a t u r a l  s u b s t r a t u m  f o r  a l g a l  g r o w th ,  we 
h a v e  n o t i c e d  t h a t  t h e  c r u s t o s e  g e rm l in g s  o f  _C. c r i s p u s  a r e  more f i r m l y  
a t t a c h e d  t h a n  t h o s e  o f  _G. s t e l l a t a , w h ich  a r e  e a s i l y  d i s l o d g e d  a f t e r  
3 m onths i n  c u l t u r e .  I n  t h e  c a s e  o f  G. s t e l l a t a  t h e  b e n t h i c  d ia to m  
g ro w th  came c l o s e  t o  t h e  a d v a n c in g  b o r d e r  o f  t h e  c r u s t .  One e f f e c t  o f  
t h i s  c o m p e t i t i v e  g ro w th  may be  t h e  l o o s e n i n g  o f  t h e  c h e m ic a l  b o n d
3.
b e tw e e n  t h e  u n d e r s i d e  o f  t h e  G i g a r t i n a  c r u s t  an d  t h e  g l a s s  s u r f a c e  -  
p o s s i b l y  by  means o f  e x t r a c e l l u l a r  p r o d u c t s  r e l e a s e d  f ro m  t h e  d i a t o m s . 
The i n h i b i t i o n  z o n es  a ro u n d  t h e  Chond ru s  g e rm l in g s  a p p e a r  t o  b e  
e f f e c t i v e  b a r r i e r s  a g a i n s t  c o m p e t i t i v e  e n c ro a c h m e n t  o f  t h e  s p a c e  by  
t h e  d i a t o m s ,  an d  t h e  b o n d in g  o f  t h e  g e rm l in g  a d h e s i v e  s u b s t a n c e  a p p e a r s  
u n a f f e c t e d .
K. K h f a j i  
A.D. Boney
D e p a r tm e n t  o f  B o ta n y ,
U n i v e r s i t y  o f  G lasgow ,
G lasgow , G12 8QQ.
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